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Art. I. — An Investigation of the Bacterial Pollution of the 
Waters of Port Phillip Bay with Special Reference to the 
Effluents from the Melbourne and Metropolitan Se*wage 
Farm near Werribee . 

By NANCY ATKINSON, M.Sc. 

(Department of Bacteriology, University of Melbourne.) 

(Read 6th April, 1933; issued separately 22nd December, 1933.] 

I. Introduction, 

The following investigation was undertaken in order to 
determine the extent of bacterial pollution of Port Phillip Bay. 
Although this bay contains a large volume of water it is almost 
entirely landlocked. Melbourne is situated at a point farthest 
from the open ocean, and through it flows the River ^ arra, which 
receives much of the surface drainage of the city and some 
industrial effluents; this river, as well as some large city and 
suburban drains, discharges directly into the bay within the city 
boundaries. The Melbourne sewage is treated by a method 
of broad irrigation at the Melbourne and Metropolitan Sewage 
Farm situated near Werribee, 20 miles from Melbourne, and 
this report is concerned primarily with the effluents which are 
discharged therefrom into the bay. Examination of these over 
a period of years has shown that chemically they are suitable 
for discharge, but bacteriological investigations both quantitative 
and qualitative, though showing a marked improvement in the 
effluents as compared with the sewage as it enters the farm, 
indicate the desirability of definitely establishing the fact that 
final discharge of the effluents into the bay is a safe and 
effective method of disposal. This investigation has been con¬ 
cerned with the effect of the effluents not only in the immediate 
vicinity of Werribee, but also at more remote parts of the bay, 
such as Geelong (45 miles from Melbourne), and has'included 
also an examination of samples collected near Melbourne at the 
entry to the bay of the River Yarra and several large drains. 

II. Details of Bacteriological Investigation. 

In the bacteriological examination of samples of water for 
domestic purposes, the accepted practice is the determination of 
total bacterial content and the number of B. coli per cubic centi¬ 
metre. Though the total count gives valuable information, the 
B. coli content is probably the more important from the point 
of view of public health. This organism is the commonest 
inhabitant of the intestine of human beings and animals, so that 
its presence in water definitely indicates pollution with material 
from such sources. When B . coli is found in water in relatively 
large numbers, the possibility must be recognized that disease- 
producing organisms, such as the typhoid bacillus, may also 
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be present. As organisms of the latter type are not usually 
very numerous, they are not so easily detected by routine bac¬ 
teriological methods as B, coli, and as this organism is always 
associated with them in large numbers, it can be taken as a 
suitable indicator of danger. If the B. coli content of a water 
sample is within certain low limits, it is reasonable to say that 
such water conforms to a suitable standard of purity. 

The technique recommended in standard methods for the 
bacteriological examination of a drinking water was used, plate 
counts being made on nutrient gelatine and agar and the pre¬ 
sumptive test for B. coli carried out in neutral-red lactose peptone 
water with quantities of the sample to be tested varying from 
50 c.c. to 0.00001 c.c. 

Confirmatory tests for B. coli were performed with pure 
•cultures isolated on MacConkey(9) plates from positive “pre¬ 
sumptive ” tubes. Numerous confirmatory tests are available, 
but they are not all of equal differential value. Those selected 
by Houston(6), the well-known “ flaginac ” reactions, are still 
in current use, though many workers have preferred various 
other series of tests, and in the present investigation it was 
decided to use those which give more definite evidence regarding 
the origin of the lactose fermenters in question, distinguishing 
true B . coli more easily from the Acrobactcr group, which is 
generally of soil origin, and may be confused with B. coli on the 
results of the “ flaginac ” tests. 

t he confirmatory tests used here, typical lactose fermentation 
having been shown, were the citrate test, the methyl red test, 
and the indol test. 

I he citrate test shows whether an organism can utilize a 
citrate as its only source of carbon. In Koser’s(7) liquid 
citrate medium, organisms of the B. coli group do not grow 
sufficiently to produce a visible turbidity, while Acrobactcr 
organisms grow readily and produce a marked turbidity. These 
latter organisms in their utilization of the citrate produce 
alkaline end-products which can be detected by an indicator. 
Simmons’(12) citrate agar medium takes advantage of this fact, 
citrate utilization being indicated by a change in colour of the 
medium. Plate cultures of this medium were used in preference 
to fluid cultures not only because the colour change can be 
observed more easily than the production of turbidity, but also 
because the solid nature of the citrate agar facilitates the 
detection of impure cultures. 

I he plates were inoculated from fluid cultures of the various 
organisms, incubated at 37° C. and examined in 24 and 48 hours. 

1 he results obtained after the longer incubation period were 
always the same as those for the short period, so that 48 hours 
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incubation seemed unnecessary. A few of the cultures studied 
gave an indefinite reaction on citrate agar, and were tested 
further in liquid citrate medium where a positive result was 
observed almost invariably. 

The methyl red test (2) again differentiates between the B. coli 
and Aerobactcr groups, and depends upon differences in carbo¬ 
hydrate metabolism. The standard glucose peptone medium 
was used, and a minimum incubation period of five days was 
found necessary for sharp differentiation between positive and 
negative reactions. 

The Vosges and Proskauer reaction was not used as it corre¬ 
lates almost exactly with the methyl red test and gives less 
reliable results. 

With regard to the indol test all true B. coli should produce 
indol, while generally Aerobactcr group organisms do not. 
However, there are exceptions to both these rules, so that the 
diagnostic value of the indol test alone is very small. Never¬ 
theless, it was performed throughout the investigation, with 
peptone water cultures incubated for seven days at 37° C. and 
tested with the Ehrlieh-Boehme reagent. 

Throughout all the tests there was extremely good correlation 
between the citrate test and the methyl red test. The greater 
number of organisms corresponded to the B. coli. type, being 
citrate negative, methyl-red positive, while the great majority 
of the others were citrate positive, methyl-red negative. With 
regard to the indol test a positive reaction was obtained with 
most of the organisms of the B. coli group, but a few members 
of the Aerobactcr group also gave the reaction; for this reason 
production of indol alone was considered not to he an adequate 
differential test, and where this result was at variance with 
the combined results of the other two tests it was disregarded. 
With these three tests other workers (1,5) have obtained the 
same correlation between the tests themselves and also between 
these tests and the habitat and sanitary significance of the 
organism. In the present investigation the latter was also the 
case, as almost all lactose fermenters from uncontaminated sea 
water, such as ocean water, were citrate positive, methyl-red 
negative, indol negative, corresponding to the non-faecal type 
of which the sanitary significance is very slight. 

The Dominick Tattler medium (3,8), devised for detecting 
B. coli in water, was tested in conjunction with the full con¬ 
firmatory tests throughout the investigation, but generally 
speaking the results were disappointing, for although this 
medium eliminated false positive reactions due to anaerobes and 
symbiotic combinations, most organisms of the Aerobactcr group 
gave the same reaction as B. coli. 




Fig. 1. Port Phillip Bay between Melbourne and Geelong, showing the position of sampling points on each of three routes. 
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III. Description of Selected Water Samples. 

In this investigation the effluents from the farm discharging 
into the waters of Port Phillip Bay were found to contain 
approximately 1,000,000 bacteria per 1 c.c., including about 
10,000 B. coli , some of which may originate from the cattle 
pastured on the farm. Therefore, in order to determine how 
quickly dilution renders these effluents innocuous it was neces¬ 
sary to establish, first of all, the bacteriological state of uncon¬ 
taminated sea water, and note the transition from a state of 
pollution at the point of entry of the effluents into the bay to one 
of original purity of sea water at various distances from this 
point. 

The following samples were examined :— 

1. Ocean Water. —In order to obtain a standard for the bac¬ 
terial content of pure sea water with which contaminated water 
might be compared, samples of deep sea water from the ocean 
in Bass Strait off Cape Schanck were examined. 

2. Bay Water. —Samples were collected in Port Phillip Bay 
at various points between Melbourne and Geelong. Two trips 
were made on*the s.s. Edina and one on the s.s. Sphene, the 
course on 8.7.32 and 10.11.32 being within 2 miles of the fore¬ 
shore of the Metropolitan Farm where effluents are discharged. 
(Fig. 1.) The course on 9.8.32 extended from Melbourne to 
Portarlington and thence to Geelong, and is shown by the dotted 
line on Fig. 1. On this trip the samples that were collected 
were taken at least 5 or 6 miles from the farm. 

3. Bay Water off Shore at Werribee. —For more detailed in¬ 
vestigation it was decided to take samples of sea water at the 
farm close inshore near the mouths of the effluent drains. For 
this purpose various points were chosen just off the foreshore 
and permanently marked with nitmbered buoys. There were 
three series labelled A, B, and C, each extending across the front 
of the farm, commencing at Little River, the maximum distance 
from the surveyed shore line being 100, 400, and 800 yards for 
the A, B, and C series respectively. The actual shore line of 
the farm, however, is very ill-defined, and moreover these dis¬ 
tances vary with the tide. There were seven sampling points 
in each of the A and B series and nine in the C series. Cl and 
C9 being as close inshore as the A stations. The samples were 
collected from a motor boat, and ten trips were made under 
varying conditions of tide, weather, and current during the 
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months of September, October, and November, 1932. Fig. 2 
illustrates the foreshore of the farm, and shows the locations 
of the various sampling points and of the six main effluent 
drains marked as 165W, 105 W, 25W, 15E, 55E, 95E. It will 
be noted that most of the A series of points are opposite the 
mouth of a drain, and should therefore show the maximum 
amount of pollution. 



After the first five trips had been made an examination of the 
results indicated the desirability of examining additional samples 
of water further to the east. Accordingly, seven more buoys 
were set up and labelled D1 to D7. D1, D2, D3, and D4 were 
placed near the farm jetty, D1 being about 100 yards from the 
shore, D4 about 800 yards from the shore, and the other two 
equally spaced between them. D5, D6, and D7 were placed 
near the mouth of the VVerribee River, D7 being the farthest 
from the shore. 

Although the general character of the farm effluents was well 
known from a long series of monthly tests made in this labora¬ 
tory during 1930 and 1931, and from tests which are still being 
made regularly every three months, it was decided that the in¬ 
vestigation would profit by a knowledge of the exact bacterio¬ 
logical condition of the six effluent drains shown in Fig. 2 at 
the time of collection of the other samples. These further tests 
entailed the collection, on each trip to Werribee, of water samples 
from 36 different points including the six effluent drains. in 
addition to the bacteriological examination, chemical analyses 
for chlorine content were carried out on all these samples in 
order to determine the proportion of sea water to fresh water 
in each sample, i.e., the rate of dilution of the effluents in the sea, 
and also to indicate the direction of any constant natural drift. 
With reference to the latter these chlorine figures always seemed 
to indicate a drift in an easterly direction parallel to the shore 
line, while drifts in various directions, probably temporary 
surface or local currents, were indicated by fluorescein thrown 
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into the water. The direction of the drift given by the 
fluorescein test, together with tide, wind, and general weather 
conditions, times of sampling, and the state of the water, was 
recorded on each trip. 

4. Drain Water .—It is obvious that there are many other 
actual and potential sources of pollution of the waters of Port 
Phillip Bay besides the Metropolitan Farm. The River Yarra 
and other rivers and also many large drains flow into the bay, 
and their effects must be considered. For this reason it was 
decided to examine water samples from the Yarra and various 
large drains around St. Kilda and Port Melbourne, including 
the El wood Canal, Shakespeare-grove drain, St. Kilda, the 
Princes-street and Cruickshank-strect drains, Port Melbourne. 

All water samples were collected at or just below the surface 
since the number of bacteria here is generally found to be 
greatest. 

IV. Results of Examination of Water Samples. 

1. Bacterial Content of Ocean Water from Bass Strait .— 
Altogether eleven samples of ocean water were examined. Three 
were received on 12.5.32, two on 16.6.32, three on 21.7.32, and 
three on 20.8.32. They were numbered consecutively from 1 
to 11. The plate counts on samples 1 to 8 inclusive were carried 
out by three methods, using agar incubated at 37° C. and 22° C. 
and gelatine incubated at 22° C. Table 1 shows the results 
of these counts. 

Table 1. 


Total Number of Aerobic Organisms in 1 c.c. of Ocean Water. 


Sample Number. 

Agar at 37° C. 

Agar at 22° C. 

Gelatine at 22° C. 

1 

31 

11 

54 

2 

18 

7 

53 

3 

2 

1 

37 

4 

11 

14 

28 

5 

9 

9 

33 

6 

15 

393 

829 

7 

5 

14 

100 

8 

18 

67 

523 


Numbers 6 and 8 are remarkable in that they show a very 
much higher count on the plates incubated at 22° C. than any 
of the other samples. The figures for gelatine are conspicuously 
greater than for the others. The low figures for agar at 37° C. 
seem to indicate that there are only a few organisms in the 
ocean which can grow at this temperature. Taking the figures 
as a whole the bacterial content of uncontaminated sea water 
enumerated in this way is very low, at>d is lower than that of 
a good drinking water. 
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Samples 9, 10, and 11 were plated only on gelatine, but the 
plates were done in duplicate. The results are shown in Table 2. 

Table 2. 

Total Number of Aerobic Organisms in 1 c.c. of Ocean Water . 


Sample No. 


Gelatine at 22° C. 

Average. 

9 


8, 7 

8 

10 


12, 13 

13 

11 


20, 10 

15 


As in the previous samples these figures are extremely low. 

The total bacterial content being so low, it was unlikely that 
B. coli would be present in large numbers ; therefore, in carrying 
out the presumptive test for this organism on all samples, 100 c.c. 
divided into ten equal portions were used. This range allowed 
the determination in all these samples of the smallest quantity 
of water containing B. coli. The results of these presumptive 
tests are shown in Table 3. 


Table 3. 

Presumptive Test for the Presence of B. coli in Ocean Water. 


Sample 

No. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 

1 

-f 










2 

4- 

4 —* 

— 

— 

— 

— 

— 

— 

— 

— 

3 

+ 

— 

■—■ 

— 

•— 

— 

-— 

— 

#— 

—■ 

4 

4- A 

4- B 

— 

— 

— 

— 

— • 

— 

— 

— 

5 

4- 

■— 

-— 

-—• 

— 

■— 

•— 

—. 

—■ 

—■ 

6 

4- 

— 

.—. 

_ 

— 

__ 

• __ 

.—. 

.— 

— 



— 

— 

— 

_. 

— 

__ 

— 

—. 

— 

8 

4- A 

4- B 

4- C 

— 

— 

— 

— 

—. 


— 

9 

■— 

—■ 

■—- 

— 

— 

k — 

-— 

— 

— 

— 

10 

•— 

— 4 

— 

— 

— 


— 

— 

— 

— 

li 



■ 

■ 


* 






These results showed that a reaction which may be due to the 
presence of B. coli was indicated in samples 1. 2, 3, 5, 6 in 
100 c.c., in sample 4 in 50 ec.. in sample 8 in 30 c.c., and in 
samples 7, 9, 10, and 11, no B. coli in 100 c.c. 

It may be seen, however, from Table 4 that confirmatory tests, 
performed with three pure cultures, a t b, and c, from MacConkev 
plates for each positive presumptive tube, proved these reactions 
with one exception to be due not to true B. coli, but to other 
lactose fermenting organisms. Where more than one positive 
tube was obtained from one sample, the tubes have been dis¬ 
tinguished in Tables 3 and 4 by the letters A, B, C. 
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Table 4. 

Results of Confirmatory Tests for B. coli in Ocean Water. 
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Sample 

No. 

N.R.L. 

Citrate. 

Indol. 

Methyl 

Red. 

Conclusion. 

1 (a) 

+ 


+ 

- 


■s 


(ft) 

' + 


+ 

_ 

— 



(0) 

+ 


+ 


— 










:>Not B. coli 

2 (a) 

+ 


+ 

— 

— 



(ft) 

+ 


+ 

— 

— 



M 

+ 


+ 

— 

— 



3 (a) 

+ 


— 

_ 




(ft) 

+ 


— 

— 

-L. 


yB. coli , but Indol negative 

<C) 

+ 


— 

— 

+ 

J 


4a (a) 

+ 


+ 

— 

— 



(ft) 

+ 


+ 

— 

— 



(c) 

+ 


+ 

— 

— 



4b (a) 

+ 


+ 

— 

— 



(ft) 

+ 


+ 

— 

— 


^-Not B. coli 

(C) 

+ 


• + 

— 

— 



5 (a) 

-f- 


+ 

_ 

— 



(ft) 

+ 



•— 

— 



(c) 

+ 


4* 

— 

— 

J 


6 

No cultures as no growth on MacConkey plates. 

8a (a) 

+1 


4- 

_ 

1 

Ti 


B. coli should produce acid 

(ft) 

+ 


4- 

— 

+ 


and gas in neutral red 

(C) 

+ 

'a 

+ 

— 

+ 


lactose in 24 hours, four 



3 





da vs being too long a 

8b (a) 

+ 


4~ 

— 

+ 


period. These cultures are 

(b) 

+ 

r > 

+ 

— 

-f- 


y also citrate 4“ and it is 

(c) 

+ 

a 

4- 

— 

4- 


concluded, in spite of the 



'■d 



ti. 


4- methyl red reaction, 

8c (a) 


f-4 

-f- 

— 

•1- 


that they are not B. coli. 

(ft) 

+ 

-fi 

4- 

— 

4- 



(c) 


a 

+ 


4- 

-> 



The conclusions from this section of the work are that ocean 
water in the vicinity of Victoria has a very low bacterial content 
compared with most other natural waters. Generally, it does 
not contain B. coli in less than 100 c.c., and only rarely in this 
volume, which is quite in accord with the results of an examina¬ 
tion of deep sea water carried out by the British Royal Com¬ 
mission for Sewage Disposal, and described in the report for 
1904(11). 
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2. Bacterial Content of Bay Water. 

The first trip was made on 8.7.32 on the s.s. Spheric, when a 
strong southerly breeze was blowing, and fifteen samples were 
collected. The thick line on Fig. 1 indicates the course, and die 
following sampling points :— 

1. River Yarra below Salt Water River. 

2. Yarra Entrance. 

3. Gellibrand Lighthouse. 

4. Off Point Cook. 

5. Near Werribee River. See Map Location. 

6. Near Werribee River. See Map Location. 

7. Near Werribee River. See Map Location. 

8. Off Metropolitan Farm Jetty. 

9. See Map Location. 

10. Off Little River. 

11. See Map Location. 

12. Steam Boat Buoy. 

13. Outer Harbour, Geelong. 

14. Inner Harbour, Geelong. 

15. Geelong Wharf. 

The total bacterial count for these samples is indicated in 
Table 5. 


Table 5. 

Total Number of Aerbbic Organisms in 1 c.c. of Bay Water , 8.7.32. 


Sample No. 

Agar at 37° C. 

Agar at 22° C. 

Gelatine at 22° C. 

1 

1,000 

10.000 

Innumerable 

2 

1.000 

9,000 

Innumerable 

3 

17 

300 

10,000 

' 4 

5 

45 


5 

2 

5 

45 

6 

1 

4 

72 

7 

1 

0 

0 

8 

1 

2 

91 

9 

3 

30 

115 

10 

0 

21 

32 

11 

0 

9 

45 

12 

2 

10 

83 

13 

7 

54 

183 

14 

29 

41 

625 

15 

62 

94 

Innumerable 
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Reference to 1 able 5 and the locations of sampling points 
will show that the high counts in samples 1-3 are due to the 
fact that they were taken from the River Yarra or from points 
in the bay near its mouth. Samples 4-13 taken from the 
Gellibrand Lighthouse to Outer Harbour, Geelong, show counts 
comparable with those of ocean water. This * result is most 
important, because most of these samples were taken opposite 
the farm, about 2 miles from the shore. Samples 14 and 15, 
taken close to Geelong, once more show a high count, which is 
no doubt due to local pollution. 


Table 6. 


Results of Presumptive Tests for B. coli in Bay Water. 


No. 

10 c.c. 

10 c.c. 

10 c.c. 

. 

10 c.c. 

10 c.c. 

1 c.c. 

0*1 c.c. 

0 01 c.c. 

O'OOl c.c. 

1 

+ . 

+ 

+ 

+ 

+ 

_ 1 _ 

+ 



2 

+ 

+ 

+ 

+ 

+ 

+ 


— 

+ 

3 

+ 

+ 

— 

— 

— 

— 

— 


4 

+ 

— 

— 

— 

— 

— 

— 



5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

6 

7 

1 + 1 

— 

— 

— 

— 

— ' 

— 

— 

— 

8 

— . 

— 

— 

— 

— 

— 

_ 

_ 

9 

— 

— 

— 


— 

— 

— 

_ 

_ 

10 

11 

12 

13 

14 

+ 

J i 

— 

— 

— 

— 

— 

— 

— 

+ 

+ 

+ 

4- 

+ 


- 

- 

- 

15 

+ 

+ 

+ 

+ 

+ 

M- 

— 




It will also be seen from Table 6 that the results for the 
presumptive test for B. coli correspond with those for the total 
bacterial count; and the fact that “ positive ” reactions were 
obtained in such small quantities of samples 1, 2, 3, 14, and 15 
may be explained in the same way, namely, on account of their 
location. 

When further confirmatory tests were applied to determine 
the identity of the organisms producing the reactions it was 
found that true B. coli was present in the water around Mel¬ 
bourne and Geelong in quantities varying from 1 c.c. to 10 c.c., 
but samples collected opposite the farm failed to show the pre¬ 
sence of true B. coli in 50 c.c., and were therefore considered 
as pure as ocean water samples. 

Another trip was made on the s.s. Edina on 10.11.32. A 
fresh to strong northerly breeze was blowing, and the course 
pursued, shown as a fine line in Fig. 1, was almost identical 
with that taken by the s.s. Sphene on 8.7.32. 


9536—2 
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The estimation of the total bacterial content and the pre¬ 
sumptive and confirmatory tests for B. coli were performed in 
exactly the same way as for the samples taken on the s.s. Sphene. 
Identical results were obtained from these Edina samples, which 
showed a low bacterial content in samples 3 to 14 with a corre¬ 
spondingly low B . coli figure, this organism being absent from 
50 c.c. of each of these samples. Contamination was again 
evident in the River Yarra, but the samples collected near 
Geelong were of good quality. 

A third trip to Geelong was made on the s.s. Edina on 9.8.32, 
when there was a strong; south-west breeze and the course is 
shown in Fig. 1 as a dotted line. The locations of the sampling 
points on this occasion were at a much greater distance from the 
farm. Most samples were again as free from contamination 
as ocean water, while those from the vicinity of the Yarra and 
the Geelong wharf showed definite evidence of pollution when 
subjected to all tests. 

Summarizing the conclusions from these three trips, it may 
be said that under different weather conditions no trace of 
pollution of the waters of the bay can be found in the neigh¬ 
bourhood of the Metropolitan Farm at a minimum distance of 
slightly under 2 miles from its shore. The waters of the River 
Yarra near Victoria Dock are always polluted to some extent, 
B. coli being present in 0.1 c.c., and often in 0.01 c.c. of the 
water. For a river such as the Yarra at this point, this is not 
an objectionable degree of pollution, and its effect is not far- 
reaching, as there is no trace of pollution beyond the Gellibrand 
Lighthouse. There appears to be some pollution of local origin 
around the Geelong wharf, as the water at the entrance to Corio 
Bay is as pure as ocean water. 

3. Bacterial Content of Bay Water in the Immediate 
Neighbourhood of the Metropolitan Farm, Wcrribec. 

The sea water samples collected from the locations just off 
the foreshore of the Metropolitan Farm near Werribee, and 
marked by the three series of buoys A, B, and C (Fig. 2), were 
subjected to the same procedure as that used for bay water for 
the determination of the B. coli content, presumptive positive 
results in neutral red lactose broth always being checked by 
confirmatory tests as outlined above. 

The results given in Table 7 of tests on samples collected 
during the first five trips to Werribee show a concentration of 
B. coli round A7, B7, and C9, which are the most easterly 
stations. This seemed to indicate, as the chlorine figures also 
do, that there is a natural easterly drift. For this reason a D 
series of buoys was set up farther to the east to try to trace 
any further pollution in this direction. A second series of 
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five trips was made for the collection of samples from these 
new positions as well as from the original A, B, and C series, 
and from the six large effluent drains. The results of the 
B. coll tests for these samples are also given in Table 7. and 
again show no evidence of pollution along the extended line 
800 yards from the shore. Chemical tests were performed on 
all these samples, and the complete set of dilution factors from 
the chlorine determinations for the ten trips is listed in 
Table 9. 


Table 7. 

B. coli content of Sea Water at the Buoys near the Metropolitan Farm. 


— 

L | 

1 

II. 

III. 

IV. 

v - 

VI. 

VII. 

VIII. 

IX. 

X. 

Cl 

+ 50* 

-50 

+ 50 

+ 0-1 

+ 25 

+ 25 

-50 

-50 

-50 


C2 

-50 

— 50 

-50 

+ 1 

+ 25 

,+ 1 

-50 

-50 

-50 


C3 

+ 25 

+25 

+ 1 

-50 

-50 

-50 

-50 

-50 

— 50 


C4 

+20 

+ 50 

+ 1 

-50 

+20 

-50 

— 50 

-50 

-50 


05 

+ 50 

+ 50 

+ 0-1 

— 50 

-50 

-50 

-50 

-50 

-50 


C6 

+ 10 

+ 25 

+ 1 

-50 

-50 

-50 

-50 

-50 

-50 

+i2 

07 

+ 1 

-50 

+ 0-1 

-50 

-50 

+25 

+ 50 

-50 

-50 


C8 

+25 

+ 12 

+ 0-1 

-50 

-50 

-50 

+ 10 

-50 

-50 

+io 

09 

+ o-i 

+ o-oi 

+ 001 

- 1 

- 1 

+ 1 

+ 1 

- 1 

- 1 

+ l 

B1 

- 1 

+ 1 

+ 1 

+ 1 

- 1 

+ 1 

- 1 

- 1 

- 1 


B2 

- 1 

+ 0-1 

- 1 

+ 0-1 

— 1 

- 1 

- 1 

- 1 

- 1 


B3 

+ 1 

+ 0-1 

+ 1 

- 1 

- 1 

+ o-i 

+ 1 

- 1 

- 1 


B4 

+ 1 

+ 0-1 

+ 0-01 

- 1 

- 1 

- 1 

+ 1 

- 1 

- 1 


B5 

+ 1 

+ o-i 


+ 1 

+ 1 

- 1 

+ 01 

- 1 

- 1 


B6 


- 1 

+ 01 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

+ o-i 

B7 

+ 0-01 

+ 0-001 

+ 01 

- 1 

- 1 

+ 1 

+ 1 

- 1 

- 1 

+ 01 

A1 

- 1 

+ 01 

+ 0-1 

+ 0-1 

+ 1 

+ 0-01 

+ 1 

- 1 

— 1 


A2 

+ 0'01 

+ 001 

+ 0-01 

+ 0-1 

+ 1 

+ 0-001 

+ 01 

- 1 

- 1 


A3 

+ 001 

+ 0-01 

+ 0 001 

+ 0-1 

+ 0-01 

- 1 

+ 1 

- 1 

- 1 


A4 

+ 1 

+ 0-01 

+ 0-01 

+ 01 

+ 0-01 

+ 1 

+ 0-1 

- 1 

- 1 


A 5 

+ 1 

+ 0-1 

+ 0-1 

+ 1 

— 1 

+ 1 

+ 0-1 

- 1 

- 1 


A<5 

+ 0-1 

+ 0-01 

+ 0-1 

- 1 

- 1 

- 1 

+ 001 

- 1 

- 1 

+ o-i 

A7 

1)1 

D2 

1)3 

D4 

D5 

D6 

D7 

+ 0-01 

+ 0-01 

+ 0-01 

- 1 

• • 

- 1 

+ 0-01 
+ 1 
+ 0-1 
+ 1 
+ 50 
+ 0-01 
+ 0-01 
+ 1 

+ 0-01 
— 1 
+ 01 
+ 0-1 
+10 
- 1 
+ 1 
— 50 

- 1 
- 1 
- 1 
-50 
-50 
- 1 
- 1 
-50 

- 1 
- 1 
- 1 
-50 

— 50 

- 1 
-50 
-50 

+ o-i 

-50 
-50 
— 50 
-50 
-50 
-50 
-50 


* All numbers are in terms of c.c. 

— in table indicates that B. coli is absent in the volume indicated and that no larger volume 
was tested. 

+ in table indicates that B. coli is present in the volume indicated but not in any smaller 
volume. 


I. Samples for 6.9.32 with west to south-west wind. Easterly drift 
parallel with shore. 

II. Samples for 15.9.32 with slight south-west wind and slight westerly 
drift. Sea almost dead calm. 

III. Samples for 21.9.32 with squally southerly wind. For half mile 

out sea turbid. 

IV. Samples for 28.9.32 with south-westerly wind. North-westerly 

drift with incoming tide. Water fairly clear. 

V. Samples for 4.10.32 with strong northerly wind. North-westerly 
drift with incoming tide, sea slightly turbid. 
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VI. Samples for 18.10.32 with mild south breeze till noon, northerly 
wind till 3 p.m. then strong south-westerly. Sea very calm 
and clear till 3 p.m., then rough. Incoming tide and 
easterly drift. Marked discolouration extending easterly from 
D5, near mouth of Werribee River. 

VII. Samples for 28.10.32 with squally south-westerly wind. Sea very 

rough. Easterly drift. 

VIII. Samples for 8.11.32 with southerly to south-easterly wind, very 

light in morning, stronger in afternoon. Very slight south¬ 
westerly drift. Sea very clear. 

IX. Samples for 15.11.32 with southerly wind, north-westerly drift, 
incoming tide. 

X. Samples for 22.11.32 with strong north-westerly to westerly wind 
and easterly drift. Sea clear and slightly rough. A south¬ 
westerly squall arose, and no further samples could be col¬ 
lected after 11.45 a.m. 

It may be seen from the data in Table 7 that the A and B 
series of samples show definite evidence of pollution, B. coli 
generally being* present in quantities varying from 1 c.c. to 
0.001 c.c. This result was to be expected on account of the 
close proximity of these sampling points to the shore. The 
C samples, however, taken at a greater distance (800 yards), 
compare favorably with ocean water, in many cases no B. coli 
being present in 50 c.c. 

The low B. coli content of sea water in the vicinity of the 
farm as shown by the results of Table 7 is striking. Almost 
always the C samples compare favorably with ocean water, 
showing no B. coli in 50 c.c. This is better than a good drinking 
water. On 18.10.32 and 28.10.32 the B. coli figure for the 
drain effluents was high, showing on an average 10,000 to 
100,000 organisms in 1 c.c. (Table 8), and consequently some 

Table 8. 


B. coli content of Effluents. 


No. 

Date of Tests. 

6.9.32. 

18.10.32. 

28.10.32. 

8.11.32. 

15.11.32. 

22.11.32. 

95E 

+0 0001 

+0 0001 

+0 00001 

+0 001 

-01 

+0 001 

55E 

+0 0001 

+0 0001 

+0 00001 

+0 001 

+0‘01 

+ 0 0001 

15E 

+ 0 0002 

+0 00001 

+0 001 

+0'00001 

+ 001 

, . 

25 W 

+0 001 

+0 0001 

+0 00001 

+0 001 

+ 0 001 


105W .. 

+0 0002 

+0 0001 

+0 0001 

+0 01 

+0 0001 

, , 

I65W 

+0 0001 

+ 0 0001 

+0 0001 

+0 01 

+0 001 


Crude Sew- 







age 

+0 000001 







of the A samples were heavily polluted (B. coli “positive ” in 
0.01 c.c. and even in 0.001 c.c.). In spite of this the B samples 
only occasionally show B. coli present in 1 c.c., and the C samples, 
as stated above, could be considered unpolluted. The D samples 
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showed round the farm jetty a small amount of pollution, which 
seems to disappear just beyond the end of the jetty. On 
18.10.32 D5, 1)6, and D7 show’ed quite a marked degree of 
pollution presumably due to the Werribee River which was 
enormously swollen by recent heavy rains. This river does not 
receive drainage from the farm. The discolouration due to the 
river water extended in an easterly direction, and provided 
further evidence of a natural easterly drift. Under normal 
conditions samples from these three stations showed no evidence 
of pollution. The particularly good results from sea water 
obtained on 8.11.32 and 15.11.32 may be correlated with the 
very low B. coli content of the effluent drains on these days. 
(See Table 8.) 


Table 9. 


Dilution of Effluents by Sea Water near the Metropolitan Farm , We?'ri\bee. 

Number of volumes of Sea Water per one volume of Farm Effluent 
estimated from determinations of chloride radicle. 


Date of Tests 


Sample 

No. 

c-i 

CO 

os 

‘*6 

15.9.35. 

n 

co 

os 

!>1 

oi 

CO 

OS 

X 

4.10.32. 

18.10.32. 

l 

■ss*ot*8z l 

1 

8.11.32. 

| 

•38'irst j 

22.11.23. 

Cl .. 

100 

100 

100 

100 

100 

100 

100 

100 

100 


C2 .. 

100 

100 

100 

100 

100 

100 

100 

100 

100 


03 .. 

100 

80 

100 

100 

100 

100 

100 

100 

90 


C4 .. 

100 

50 

100 

100 

100 

70 

100 

100 

100 


C5 .. 

95 

100 

100 

95 

60 

100 

100 

100 

80 


C6 . . 

100 

100 

95 

80 

60 

100 

100 

100 

100 

ioo 

C7 . . 

40 

100 

100 

60 

60 

100 

100 

100 

100 


08 . . 

60 

60 

100 

60 

60 

100 

90 

100 

90 


C9 .. 

20 

8 

40 

18 

50 

20 

100 

100 

30 

ioo 

B1 . . 

100 

50 

95 

100 

100 

100 

J00 

60 

25 


B2 . . 

100 

12 

100 

60 

100 

100 

100 

60 

90 


B3 . . 

80 

10 

100 

100 

100 

40 

100 

100 

60 


B4 . . 

80 

8 

100 

100 

40 

100 

90 

100 

90 


B5 . . 

100 

27 

80 

95 

40 

100 

100 

100 

80 


B6 . . 

40 

60 

95 

40 

50 

100 

35 

100 

100 

ioo 

B7 . . 

27 

12 

60 

10 

40 

30 

100 

100 

35 

90 

A1 . . 

100 

40 

100 

100 

100 

40 

100 

40 

100 


A2 . . 

40 

7 

8 

50 

27 

6 

100 

35 

30 


A3 .. 

23 

7 

26 

27 

20 

16 

100 

60 

25 


A 4 . . 

60 

8 

40 

40 

15 

8 

60 

100 

40 


A5 .. 

60 

14 

80 

50 

40 

14 

30 

100 

35 


A6 . . 

20 

14 

60 

13 

40 

100 

100 

100 

35 

ioo 

A7 .. 

18 

9 

11 

11 

26 

6 

9 

30 

16 

100 

D1 . . 






25 

35 

30 

25 

100 

D2 .. 






40 

100 

100 

90 

100 

D3 .. 






100 

100 

100 

100 

100 

D4 .. 






100 

100 

100 

100 

100 

D5 . . 








40 

60 

100 

D6 . . 






20 

ioo 

100 

80 

100 

D7 .. 





•• 

50 

100 

100 

100 



The diluting effect of the sea water on effluents was further 
determined by obtaining the chlorine content of duplicate 
samples. These figures are given in Table 9, and were kindly 
furnished by Mr. V. G. Anderson, advising chemist to the 
Board, who has conducted an extended chemical survey in the 
area discussed in this report. A and B samples showed a lower 
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chlorine content than sea water, demonstrating the fact that at 
these distances the fresh water of the effluents, containing only 
a very small amount of chloride, constituted a definite pro¬ 
portion of the samples. The C samples on the other hand had 
practically the same chlorine content as sea water, the fresh 
water of the effluents at this distance being so diluted as to be 
almost undetectable. This chemical evidence correlates very well 
with the evidence obtained from the B. coli tests. 

Summarizing the results of the ten investigations, it can be 
said that even during wet spring months when the land must be 
worked to its utmost capacity, because its absorbing power is 
low, the pollution of the sea, though fairly marked within 100 
yards of the shore, altogether disappears within 800 yards; and 
that this pollution along the shore does not extend westward 
past Little River, nor eastward past the farm jetty. A graphic 
representation of this result is shown in Fig. 2, where the broken 
dotted line indicates the boundary of the average area of bac¬ 
terial pollution. It will be noticed that this area corresponds 
very well with that given by the chlorine figures, indicating the 
dilution, shown in Fig. 2 by a broken line. The summer 
effluents, which come only from specially selected areas and are 
high grade, have no noticeable polluting effects on the sea at 
all. It is of interest to note that similar investigations of the 
efficiency of sea water dilution methods have been carried out 
at Rothesay, Scotland (4), and at Newcastle, New South 
Wales (10). In the case of the former there was no pollution 
of the beach, whereas with the latter samples taken close to the 
beach, which was used by bathers, showed a high B. coli content, 
and the pollution was considered sufficient to endanger public 
health. 

4. Examination of Effluents from City Drains discharging into 

the Bay. 

On several occasions water from the mouths of various drains 
round St. Kilda and Port Melbourne was tested for the presence 
of B. coli and total bacterial content. Water from the Yarra, 
apart from that collected on the various bay trips, was also 
examined. Some results are shown in Table 10. 

1 he large bacterial count of many of these drains by all three 
methods should be noticed. In every examination of drain or 
river water green fluorescent bacteria grew up on all the plates, 
though these were never isolated from sea water. These 
organisms of the type of Pseudomonas appear to be natural 
inhabitants, almost constant in polluted fresh water. The 
Princes-street drain, as judged from the one sample examined 
from it, was the worst of all these drains. The Etwood canal 
and the Shakespeare-grove drains were also highly polluted, and 
although these three drains had a fairly high B. coli content, 
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it was not so high as that of the farm effluents. As a conse¬ 
quence the drains mentioned above will probably have no detect¬ 
able polluting effects on the bay water as they discharge only 
a small volume which will be very quickly diluted. 


Table 10. 

Results of Bacteriological Examination of Drain Effluents. 


Drain. 

Date. 

Total Bacterial Content 
in thousands per c.c. 

B. coli Content, 
in c.c. 

Agar 

37° C. 

Agar 

22° C. 

Gel. 

22° C. 

Elwood Canal .. 

8.6.32 

7 

9 

9 

+ 0 1 or less 


25.7.32 

7 

20 

* 

+ 0 01 
+ 001 

Shakespeare-grove Drain 

8.6.32 

3 

3 

6 

+ 0 1 or less 


30.6.32 

2 

2 

* 

+ 0 01 


25.7.32 

1 

3 

4 

+ 0 1 

Princes-street 

25.7.32 

4 

5 

10 

+ 0 001 

Cruickshank-street 

25.7.32 

2 

3 

7 

+ 1 

Lagoon Dock 

8.6.32 

0 5 

1 

4 

+ 25 


25.7.32 

0 4 

5 

11 

+ 1 

Yarra (Spencer-street) 

30.6.32 

0'8 

9 

10 

+ 0 1 or less 

Yarra (Williamstown Ferry) 

25.7.32 

1 3 

3 

9 

+ 001 


* Indicates that the plates contained innumerable colonies. 


V. General Summary and Conclusions. 

The investigation described in this report had as its object 
the detection of the degree of pollution, if any, of the waters 
of Port Phillip Bay by the effluents from the Metropolitan 
Sewage Farm, Werribee. The amount of pollution of the 
various water samples examined was judged by their B. coll 
content as compared with that of ocean water collected in Bass 
Strait. Samples of sea water from different points in the 
neighbourhood of the farm and between Melbourne and Geelong 
were examined, and the bacterial content of various drains 
emptying into the bay was determined. 

Water samples were collected from the open ocean and inside 
Port Phillip Bay between Melbourne and Geelong, those coming 
from the immediate vicinity of the farm being collected about 
2 miles from the shore. Under various weather conditions all 
the samples from inside the bay with the exception of those 
taken in the River Yarra and at the Geelong wharf were as 
pure as ocean water. This established the fact that there was 
no pollution of the water 2 miles from the farm coast line. 
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Samples were also collected from the front of the farm close 
in shore, at definitely located points, during various conditions 
of weather, tide, and drift. Analyses of these samples showed 
that in winter, when the effluents contain large numbers of 
organisms, all trace of pollution is lost within 800 yards of the 
shore, while at 400 yards from the shore it is very slight. With 
summer effluents no trace of pollution is detectable at all in the 
amounts tested, even at the points nearest to the shore. Chlorine 
figures for the samples showed that the B. coil figure closely 
followed the dilution factor, the former decreasing as the latter 
increased. 

No trace of pollution was ever found in a westerly direction 
from the farm, so that there is no likelihood of contamination 
of the water of that part of the bay extending towards Geelong. 
In an easterly direction all trace of pollution disappears just 
past the farm jetty. During the period of this investigation 
adequate dilution of the effluents occurred during all weathers. 

The various city drains which were tested do not show any 
very marked power of pollution, nor does the River Yarra, con¬ 
sidering its uses. In all cases the dilution factor should be 
sufficient to remove all traces of pollution immediately. 

Points of bacteriological interest noted were the almost com¬ 
plete correlation of the citrate and methyl red tests and the 
possible use, therefore, of the citrate test alone as confirmatory 
for B. coli, using citrate agar cultures incubated for a period 
of only 24 hours. The indol test did not agree very well with 
the citrate or metyl red tests. 

1 he general conclusion to which the results of this investiga¬ 
tion leads, is that the Melbourne method of sewage treatment 
by broad irrigation followed by the dilution of the effluents in 
the sea, is successful from the point of view of the public 
amenities, and most important, the safety of public health. 
During the period of this investigation the effluents from the 
Metropolitan Farm did not cause serious or extensive pollution 
of the waters of Port Phillip Bay, and their effect was only 
evident in a very small area extending not more than 800 yards 
from the shore from Little River on the west to the farm jetty 
on the east. 
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[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. I., 1933.] 

Art. II.— Australian Hydrophilidac—Notes and New Species, 

No. 2. 

By CEDRIC DEANE, A.M.I.E., Aiist. 

LRead 6th April, 1933; issued separately 22nd December, 1933.] 

This paper has been held up by the author in order to peruse 
A. d’Orchymont’s “ Notes' sur certains sous-genres d’Qchthebius, 
&c.,” in Bull, et Ann . de la Soc. Ent. de Belgique , March, 1932. 
That author gives a table of live of the subgenera, three with 
short and two with long legs. These are further subdivided 
according to pronotal, elytra!, and other characters. The 
arrangement, however, whilst serving admirably for the insects 
which that classification covers, namely, principally Northern 
Hemisphere forms, seems to me difficult of application to the 
forms recorded up to date in this country. For instance, in the 
key table there appears the following passage: “ 2. Cotes du 
pronotum et des elytres non dentes en scie, le premier reguliere- 
ment cordiforme. . . ." This is given under the short-legged 

group, whereas our species having these characters have long 
legs. It is possible that O. schisolabrus, n. sp., may approach 
sufficiently to Doryochthebius to be included therein, but 1 
hesitate at present to refer any species to the other subgenera. 
Monsieur A. d’Orchymont is, however, to be congratulated in 
having taken up a matter which greatly needed attention, the 
more so now with the addition of the newest species, which 
ably exemplify subgeneric variation of character. 

OCHTHEBIUS HIEROGLYPHICUS, n. Sp. 

(Text-fig. 1.) 

Ovate, convex, cupreous-black, nitid, strongly rugose. Head 
trapeziform, black, lightly convex; two deep parallel longitudinal 
foveae on basal half, each with a tubercule on outer edge at 
base. Clypeus faintly excavate at front in centre. Eyes full, 
set somewhat backward. Pronotum rugose, widest at apex; 
lateral portions subtriangular, very distinct, set low at junction; 
crown very convex, narrower anteriorly; median sulcus strong, 
deep, and rather broad; anterior margin uniformly convex, 
posterior margin subsinuous. Scutellum invisible. Elytra 
coarsely rugose ; striae adjacent to suture heavily and coarsely 
punctate, remaining striae obsolete; rugosity taking the form of 
irregular embossed figures; emarginate laterally, but margins 
almost concealed from above by convexity of lateral declivity; 
widest at middle. Legs brown, robust; tarsi dark brown, claws 
small; posterior tibiae scarcely reaching apex of body. Length, 
1.775 mm. ; width, 0.86 mm. 

Habitat: Allyn River, N.S.W. (J. Hopson; forwarded by 
H. J. Carter). 

Type in coll. Carter. 
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This strongly sculptured species stands entirely on its own; 
any similarity of form or proportions which it may possess to 
other species will be at once apparent from the drawing, except 
that the steepness of the lateral declivities of the 'elytra gives 
a specimen the appearance of being narrower than depicted in 
the drawing. 

OCHTHEBIUS COSTATUS, 11. Sp. 

(Text-fig. 2.) 

Ovate, lightly convex, strongly costate, dark golden brown. 
Head dull black, faintly pubescent in front, finely rugose; clypeus 
strongly excised in front, otherwise with rounded anterior 
margin; tubercules prominent, light brown on top; eyes lurid; 
crown with shallow impressions in front of tubercules, and a 



Fig. 1. Fig. 2. Fig. 3. 

Ochthebius hieroglyphicus, n. sp. Ochthebius costatus, n. sp. Ochthebius subcostatus, n. sp. 


transverse crescent-shaped fovea on centre. Pronotum rugose, 
black, with four longitudinal sinuous costae, golden at strong 
reflections of light; side margins very convex on anterior half, 
concave on posterior half; anterior margin very faintly sinuous, 
posterior strongly so; posterior angles strong, anterior ones 
obsolete. Scutejlum invisible. Elytra with strongly interrupted 
ridges of golden brown, the interruptions alternate, lateral costae 
more or less continuous. Legs rather short, posterior tibiae not 
reaching apex of abdomen; claws small. Length, 2.26 mm.; 
width, 1.07 mm. 

Habitat: National Park, Tasmania (R. R. Blackwood). 

Type in coll. Deane. 

The elytra are more or less punctate-striate, but the rows of 
punctures are completely upset or distorted by the costal 
eminences where these occur. 
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OCHTHEBIUS SUBCOSTATUS, n. Sp. 

(Text-fig. 3.) 

Subelliptic, convex, rugose, costate, grey. Head rather short, 
broad, rounded in front, dark grey, opaque; tubercules pearly. 
Eyes widely set, grey. Palpi of average size; terminal segment 
blunt. Pronotum subscutellate, side portions evenly rounded 
at sides, not strongly divided from crown; without costae or 
foveae; side margins concave near base; posterior angles obtuse, 
anterior obsolete; posterior margin sinuous. Scutellum minute. 
Elytra subparallel, with costae on most interstices, costae mostly 
interrupted, but some continuous; a faint suggestion of white 
pubescence on lateral costae. Legs robust, brown with black at 
extremities of femora and tibiae; tarsi very dark brown, rather 
large; posterior tibiae reaching well beyond apex of body. 
Length, 1.92 mm.; width, 0.9 mm. 

Habitat: Blue Mountains, N.S.W. (obtained from leaf debris 
collected by B. L. C. Stoyles). 

Type in coll. Deane. 

Mr. Stoyles tells me that he obtained this material near the 
streams and waterfalls under tree-ferns. This species is smaller 
than O. cost at its, n. sp., although the figure is drawn larger. 
Except for having the elytra costate, the general surface rugose, 
and the leg colouring somewhat similar, the two species are in 
no way alike. There is a distinct depression a little forward 
of the centre across both elytra extending nearly from side to 
side, and in this appears a sparse pulverulescent brown clothing. 
Two other much fainter depressions occur, one on each elytron, 
situated at about half way between the main depressions and 
the apex; these are arranged obliquely, converging posteriorly 
to the suture, and they also show traces of the brown clothing. 
The punctate striae are practically obsolete in this species. The 
elytral costae though very distinct are not so elevated as in 
O. costatus. In certain lights, when the specimen is suitably 
arranged, a faint suggestion of pronotal costae is apparent, laid 
out in a somewhat similar way to those of 0. costatus, but as 
these are not visible from the ordinary view-point, they have 
not been shown in the drawing. The apices of elytra are more 
rounded and less tapering than in O. costatus. The grey 
colouring of pronotum appears as though due to a finely speckled 
surface. 


OCHTHEBIUS LEVIS, 11. Sp. 

(Text-fig 4.) 

Ovate, convex, somewhat translucent, lurid, smooth. Head 
rather short, rounded in front, slightly depressed, dark, with a 
floury clothing in patches; tubercules not prominent. Eyes 
black, deeply set. Pronotum transverse, widest at middle, 
nearly as wide as elytra; with shallow depressions on either side 
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on crown; medially silicate; side portions strongly differentiated 
from crown; side margins diaphanous, biconcave. Elytra 
punctate-striate, punctures narrow, elongate longitudinally; sub¬ 
parallel on anterior half, tapering posteriorly. Wings iride¬ 
scent, gauzy. Legs medium to short, brown; posterior tibiae 
not extending to apex of elytra; tarsi rather short, darker brown 
than femora and tibiae. Length, 1.34 mm.; width, 0.575 mm. 

Habitat: Echuca, Vic. (F. E. Wilson; January). 

Type in coll. Wilson. 

This small species is readily distinguishable from previously 
described ones by its smoothness, elongate punctures and 
generally subdiaphanous texture. Unlike 0. livid us, O. novicius, 





Fig. 6. 

Oc-hthebius flavocinctus, n. 


and, in fact, most of the typical Ochthebius, it has, with regard 
to the elytra, a gradual curve or slope from the suture to the 
side, whereas the other species have a less convexity on top 
with the sides very steep, almost vertical, and the transverse 
curvature greatest a little more than half-way from the suture 
to the lateral margin. 


Ochthebius livjdus, n. sp. 

(Text-fig. 5.) 

Obovate, convex, punctate, lurid brown, widest across elytra. 
Head medium, coarsely undulating and depressed on crown, 
tubercules not prominent; black. Eyes rather large, black. 
Pronotum irregularly punctate, transverse, cupreous where 
illuminated; median sulcus constricted in middle, one oblique 



























24 


Cedric Deane: 


fovea on each side near base; side portions rather distinct; 
anterior and posterior angles well formed, the latter obtuse; 
side margins sinuous. Scutellum minute. Elytra punctate- 
striate, punctures round; emarginate, widest at and behind 
middle, apices tapering. Legs brown, of same colour as elytra; 
' anterior and intermediate tibiae spinose; posterior tibiae extend¬ 
ing just beyond apex of body; tarsi rather long. Length, 1.97 
mm.; width, 0.98 mm. 

Habitat; Echuca, Vic. ( F. E. Wilson; January). 

Type in coll. Wilson. 

OCHTHEBIUS FLAVOCINCTUS, 11. sp. 

(Text-fig. 6.) 

Obovate, convex, brassy, rather coarsely punctate, widest across 
elytra. Head normal, rounded in front with slight projection 
at centre; somewhat depressed near base, a little rugose, black, 
opaque; basal tubercules almost obsolete. Palpi rather narrow, 
black. Eyes silvery. Pronotum nitid, widest before middle; 
side portions diaphanous near base, strongly divided from crown 
by colour but not by elevation ; median sulcus shallow, not con¬ 
stricted ; other foveae obsolete; punctures very irregular, 
strongest near centre; margins yellow; tapering near apices. 
Legs robust, yellow, spinose; posterior tibiae not reaching apex 
of elytra. Tarsi rather large. Length, 1.97 mm.; width, 0.93 mm. 

Habitat: Echuca, Vic. (F. E. Wilson; January)*. 

Type in coll. Wilson. 

Differs from the previous species by form narrower, without 
marked pronotal impressions, and having side portions of pro¬ 
notum narrowing to base. The colouration is brighter and the 
margins are flavous. 

OCHTHEBIUS NOTALIS, 11 . sp. 

(Text-fig. 7.) 

Elliptic, convex, punctate, black. Head subtriangular, 
narrowly rounded in front, frontal projection almost obsolete. 
Eyes black, normal in size. Pronotum widest before middle, 
sides gently curved; median sulcus rather wide, other impres¬ 
sions almost obsolete; anterior angles a little acute, posterior very 
obtuse; sparsely pubescent, pubescence white; a pergameneous 
flange on anterior margin. Scutellum almost invisible. Elytra 
narrow, not much wider than pronotum; punctate-striate, each 
puncture bearing a small white seta; widest at middle, tapering 
near apex; faintly emarginate. Legs brown, rather slender; 
posterior tibiae just attaining apex of body. Tarsi normal, claws 
small. Length, 1.58 mm.; width, 0.68 mm. 

Habitat: Bunbury, W.A. (L. H. Whitlock, per favour of 
H. J. Carter). 
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Type in coll. Deane, cotypes in coll. Carter. 

A drawing is given of an antenna which was mounted in 
Canada balsam. 


OCHTHEBIUS SCHIZOLABRUS, 11. Sp. 

(Text-fig. 8.) 

Oval, lightly convex, olive-black, rugose, punctate-striate. 
Head subtrapezoidal, labrum large and deeply notched, tips 
curved upward; bituberculose near base; eyes prominent; palpi 
brown, rather short, apical segment blunt. Pronotum subcordate 



Fig. 7. 

Ochthebius aotalis, n. sp. 



Fig. 7 a. 

Ochthebius notalis, n. sp. 
(antenna). 


Fig. 8. 

Ochthebius schizolabrus, n. sp. 


to subquadrate, lightly fossate, finely rugose; widest near middle; 
front margin and anterior halves of side margins convex; basal 
angles obtuse, anterior angles obsolete. Scutellum invisible. 
Elytra oval, strongly punctate-striate, lightly convex, the con¬ 
vexity being broken near centre by shallow depressions. Legs 
long, posterior femora almost reaching apex of abdomen. Length, 
2.28 mm.; width, 0.99 mm. 

Habitat: Lome, Vic. (Deane). 

Type in coll. Deane. 

The produced and deeply-cleft clypeus easily distinguishes this 
from any previously described Australian species, and in the 
type specimen (unique) the clypeal prolongations are unequal, 
the left being longer than the right. The pronotum has the 
median depression wide and shallow .but distinct on posterior 
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half; on the anterior portion it is indistinct. Two round 
scarcely perceptible foveae occur near the front margin, and 
two triangular depressions at basal margin. The form of the 
pronotum somewhat resembles that of 0. longipes Deane, 
O. obcordatus Deane, O. novicius B lac kb., and O. subcostatus, 
n. sp. The elytra have the 5th, 8th, and 10th interstices adorned 
with creamy white hairs which bend over to form a continuous 
line like a rail. This feature it has in common with 0. costatus 
and O. subcostatus. The legs are very long, equal in propor¬ 
tion to those of O. longipes. The irregular broad depressions 
on the elytra are faintly suggestive of those of 0. costatus. 



Fig. 9. 

Ochthebius labratus, n. sp. 



Hydraena selecta, n. sp. 


Ochthebius labratus, n. sp. 

(Text-fig. 9.) 

Ovate, convex, dull black. Head shovel-shaped, front margin 
rounded, sides turned upward; bituberculose near base, tubercules 
prominent, light brown. Labrum very large; longer and wider 
than head, very deeply excavate; upper surface concave, dark 
brown. Eyes dark brown, opaque, rather large, somewhat 
elevated. Pronotum rather large, convex, fossate; sides 
rounded, margins faintly crenulate; anterior margin sinuous, 
posterior widely obtuse. Elytra striate, striae coarsely but not 
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deeply punctate on apical half; interstices irregularly elevated; 
suture somewhat raised near middle. Legs robust, brown; 
femora and tibiae dark brown on apices; tarsi robust, dark 
brown, black at apices. Length, 2.42 mm.; width, 1.00 mm. 

Habitat: Tambourine, Queensland. (Wassell). 

Type in coll. Deane. 

I am indebted to Mr. H. J. Carter, of Sydney, for the type of 
this species. Other examples taken by the same collector have 
the labrum somewhat smaller, the differences otherwise to be 
noted not being of sufficient significance to warrant specific 
separation at present; these are chiefly minute variations in 
the sculpture of pronotum and elytra. Probably its nearest ally 
is 0. schizolabrus , n. sp., from which it differs by having the 
pronotum much more convex, as well as the departures in shape 
of labrum and in the general sculpture. 

Hydraena selecta, n. sp. 

(Text-fig. 10.) 

Elliptic, lightly convex, brown, punctate, rather opaque. Head 
subtriangular, black, finely punctate. Clypeus rounded in front. 
Labrum rather large, anterior margin excavate. Eyes black. 
Palpi with subterminal segment rather narrow. Pronotum 
quadrate, front narrower than base; widest behind middle; pos¬ 
terior angles well formed; punctate; concolorous with elytra. 
Elytra lightly convex, striate-punctate; flanges indistinct, apices 
acute, completely covering abdomen. Legs moderate; tarsi not 
slender. Length, 2.13 mm.; width, 0.87 mm. 

Habitat: HealesviUe, Victoria. (Deane). 

Type in author’s coll. 

Hydraena plenipennis, n. sp. 

Obovate, slightly convex, light brown, punctate, nitid. Head 
subtriangular, black, finely punctate. Clypeus blunt. Labrum 
rather large, anterior margin excavate. Eyes silvery. Palpi 
with subterminal segment rather broad. Pronotum dark brown 
at centre, light brown at edges; quadrate, front narrower than 
base; widest just behind middle; posterior angles normal; 
punctate. Elytra light yellowish brown, striate-punctate; flanges 
distinct, apices widely rounded, completely covering abdomen. 
Legs with tarsi medium. Length, 2.12 mm.; width, 0.90 mm. 

Habitat: HealesviUe, Victoria. (Deane). 

Type in author’s coll. 

Differs from H. luridipennis Mack, by less general convexity, 
elytral apices wider, tarsi more slender, pronotum less quadrate 
and slightly narrower in front, elytral punctures not so fine, tip 
of abdomen not exposed and form of insect generally wider in 
proportion. 


9536.-3 
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[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. I., 1933.] 

Art. III. — Three Species of the Genus Prasophyllum R. Br. 

By W. H. NICHOLLS. 

(Communicated by Prof. A. J. Ewart). 

[Read 11th May, 1933; issued separately 22nd December, 1933.] 

The present paper deals with the forms grouped under 
P. fuscum R. Br., which appears to include three species; (1) 
the type form from Port Jackson, (2) P. alpinum R. Br. (P. 
Tadgellianiim Rogers), and (3) the form known in South 
Australia as P. fuscum , which is distinct from both. 

The typical P. fuscum is described as follows:— 

“ Ovariis obovatis bractea late ovata acuta ter longioribus, 
perianthii foliolis acuminatis: Posticis basi cohaerentibus, 
labelli dimidio superiore duplo angustiore lineari-lanceolato: 
Marginibus simplicibus.” 

A perusal of Brown’s descriptions and Bentham's footnote 
(under P. fuscum ) in Flora Australiensis (Vol. VI., p. 340) 
indicates the extreme difficulty of arriving at a definite, con¬ 
clusion in respect to P. fuscum —and incidentally P. alpinum. 
Bentham’s footnote (abridged) is: “Botanists are generally 
agreed in distinguishing two species, but not as to the characters 
assigned to them, derived for the most part from the examina¬ 
tion of specimens few in number or from few localities. . . * 

Brown had only a rather large-flowered Port Jackson plant as 
jP. fuscum and a small-flowered alpine Tasmanian plant as 
P. alpinum. . . . He describes the lateral sepals of P. fuscum 
as cohering at the base, those of P. alpinum as free; Archer 
(in Hook, f. 1, c. ii. 13) reverses these characters. I have 
found them almost constantly free, though closely overlapping 
each other at the base, rather shortly connate, and never connate 
in the middle as in P. brevilabre. . . . The colour of the 

flower, dusky brown-green in P. fuscum, light green in 
P. alpinum , appears also to be very inconstant/ 5 

Full particulars of Brown’s types have been received from Mr. 
J. Ramsbottom, Keeper of Botany, British Museum, London, 
England (dated 1st April, 1932). These disclose the following 
interesting information relative to both P. fuscum and P. alpinum . 
The type material of P. fuscum R. Br. is Robert Brown’s 
No. 5547 in the British Museum Herbarium. It comprises 
seven flowering stems mounted on a single sheet, which in addi¬ 
tion bears two of Brown’s own labels with nothing to indicate 
which specimens belong to each label. The labels read as 
follows:— 

Prasophyllum fuscum, Prodr. 318. Port Jackson, 1805. 
R. Br.; and 
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Cranichoides fusca —Moist Meadows towards Georges River,. 
October, 1803. 

Mr. Ramsbottom adds the following:— 

“ The seven flowering stems vary considerably in height and 
robustness, ranging from about 15.5 to 33 cm. in height. The 
flower spikes vary from 4 to 8 cm. in height. A flower (from 
the tallest specimen with spike 8 cm. long) shows on dissection 
that the lateral sepals are very shortly connate at the base, 
apparently; this and a second flower from the same spike are 
enclosed for verification .” 

The two flowers mentioned above were in a splendid state of 
preservation, and the following particulars were gleaned:— 

Flowers relatively robust, lateral sepals -connate—in both 
flowers—a short distance from where they unite with the ovary 
(1-1.5 mm.);-the labellum agrees exactly with that segment 
in the Victorian form. The removal of the pollinia intact from 
one flower, revealed clearly a short caudic.le, and a bifid tip to 
the rostellum; the anther is as broad as long—very dark in 
colour—probably red-brown. (A type flower is shown— 
figure N.) 

All available material of both P. fuscum and P. alp in am in 
the National Herbarium, Sydney, was examined. No specimens 
of P. fuse uni from Port Jackson were noted, but two specimens 
of P. fuscum from Leura, in the Blue Mountains, were of 
interest, proving the existence of this plant outside the immediate 
vicinity of Sydney. 

A well-conditioned specimen of P. fuscum is preserved in the' 
National Herbarium, Melbourne. The label reads, “ P. bre- 
vilabre Hk., J. PI. Maiden, Director, Port Jackson. Sept., 1896.” 

Close inspection of the individual flowers of this specimen 
shows that the lateral sepals appear to be connate throughout,, 
but are separable by a mere touch—to the immediate base in 
some flowers, and nearly to the base in others—as in the two* 
type flowers. This particular specimen appeared identical in 
every particular with a form from the Keilor Plains referred 
to later on. The foregoing notes prove Robert Brown's descrip¬ 
tion (T) of P. fuscum a correct one. This is in particular 
referable to the character of the lateral sepals (see also Benthanvs 
remarks). 

The true P. fuscum occurs not only in New South Wales and 
Victoria, but also in Tasmania. In all three States the lateral 
sepals show variation—united only at the extreme base or quite 
free—and careful tabulation proves these segments (in /V 
fuscum ) just as often free as otherwise. 
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During the season of 1924 I discovered a solitary, most inter¬ 
esting specimen of P. fuscum near St. Albans (Keilor Plains, 
Victoria). It was growing within the shade of some eucalyptus 
trees. The lateral sepals were connate throughout (see figures). 
Close by, without shelter, other specimens were found, with 
these segments disunited, as is usual. Those of the first- 
mentioned specimen were united by a thin, almost transparent 
membrane, easily broken down by blowing upon, or when exposed 
to the drying winds; some little time later I found the inner 
margins of the separated sepals had folded inwards, revealing 
them as shown in Figure J. 

The same thing occurs in many other species of this genus, 
where the union is not of a permanent character. 

The examination of specimens in the herbarium of Dr. C. S. 
Sutton revealed both P. fuscum and P. alpinum from “ Cradle 
Mountain and vicinity.” 

In the Rod way herbarium P. fuscum was noted, but not 
P. alpinum . C. French, Senr.(2) evidently refers to both 
P. fuscum and P. alpinum when he writes under P. fuscum :— 
“ This species, formerly known by the name of P. alpinum, 
seems to be equally at home whether growing in moist flats or 
on the tops of our highest mountains.” 

The following description of P. fuscum is from Victorian 
(Keilor Plains) specimens; the strong, sweet fragrance of these 
specimens is akin to that diffused by the well-known brown- 
flowered boronia (B. megastigma ). 

Prasophyllum fuscum R. Br. 

(Dusky Leek-orchid.) 

A slender or moderately robust plant 14-30 cm. high; leaf 
lamina of variable length, erect, terete, dilated at the union of 
stem ; flowers in a moderately loose spike, usually one-third 
length of plant, expanding in an irregular manner, usually from 
the centre outwards, green and brown, rarely wholly pale green; 
ovary oblong-ovate or ovate, on a short pedicel, subtended by a 
small acute bract, colour of bracts often pink, dorsal sepal 
erect oblong-lanceolate, acuminate, tip usually slightly deflexed, 
about 5-5.5mm. long; lateral sepals about same length as dorsal 
one, quite free, or definitely united at extreme base only; occa¬ 
sionally temporarily united almost their whole length by a thin 
filament; when free widely-spread, margins incurved, tips 
bidentate; petals 4-5 mm. long, linear, widespread, tips more or 
less obtuse; labellum on a broad claw, oblong-cuneate, recurved 
abruptly in its distal third, membranous part narrow, margins 
quite entire, pink or greenish-white; callous part viscid, green, 
conspicuously raised, especially beyond the bend, and extending 
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to within a short distance of extreme apex—callous part occupy¬ 
ing almost the whole width in some flowers ; lateral appendages 
of column with obtuse tips, shorter than rostellum; rostellum 
with a bifid apex, anther brownish or red-brown, broadly- 
ovate, reaching to about same height as appendages; pollen 
masses granular, very friable, easily removed, caudicle short. 

FI. Sept.-Nov. New South Wales, Victoria, Tasmania. 

Victorian localities from where specimens have been 
obtained:—Tottenham, Sunshine, St. Albans (A. J. Tadgell, 
W. H. N.) ; Lara (Rev. A. C. F. Gates) ; Creswick (Dick Bond) ; 
Ararat (Lorna Banfield). 

P. alpinum R. Br. 

“ Ovariis obovatis, bracteis subrotundis, pedicellis sub- 
aequantibus perianthii foliolis acutis : posticis approximate, 
labelli dimidio superiore lineari-lanceolato, spica paUc.iflora, 
folio dimidium superius caulis aequante.” 

(1) The type material of P. alpinum R. Br. is Robert Brown's 
N. 5545 in the British Museum. It consists of two flowering 
stems, accompanied by the following label in Brown’s hand¬ 
writing:— “Prasophyllum tabulare in Summitati Montis Tabu- 
laris prope fl. Derwent.” 

(2) “ The flowers in both specimens are withered and the fruit 
well developed. One of the plants is about 18.5 cm. tall, in¬ 
cluding the flower spike which is about 4-4.5 cm. long with seven 
flowers. The other plant has the upper part of the spike broken 
off, and is therefore of little value for dimensions; its stem mea¬ 
sures 10.5 cm. up to the lowest bract, and above this are four 
remaining flowers. The material is so fragmentary that it is not 
possible to spare a flower, but from dissection it appears that 
the lateral sepals are connate for about two-thirds of their length 
as in the rough sketch appended.” (See Fig. d, p. 35.) 

The above particulars are somewhat surprising in view of 
Bentham’s remarks. 

The coloured plate of P. alpinum in Hooker’s Flora Tasmaniae 
is naturally drawn from a Tasmanian specimen. In 1925, I 
suggested the alpine form (referred to by C. French, Senr.) 
as agreeing in every way with Hooker’s plate. The general 
appearance impressed me considerably. Prior to this I had 
visited—on three occasions—the Baw Baw Range, where at 
5,000 feet, and slightly higher altitudes, this Prasophyllum occurs 
abundantly, between Talbot Peak (Mt. Erica) and Mt. Whitelaw. 
They were found in a variety of situations; bordering the 
morasses on the dry open levels and rises, also on the granite- 
strewn slopes, often in crevices, and under the snow-gums. It 
was thus possible to note the varying colour-schemes ill speci¬ 
mens of all stages, from that of the immature plant to those well 
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in fruit. The Baw Baw specimens are identical with those 
found on Mt. Bogong, Hotham, &c. In fact, this little Praso- 
phyllum is to be found abundantly in practically all our south¬ 
eastern alpine regions. 

Rogers(3) referred to a Prasophyllum from the Australian 
Alps (Mts. Bogong, Hotham, Kosciusko, &c.) as a probable 
variety of P. Frenchii F.v.M. It was raised later to specific 
rank as P. TadgellianuMji 4) being then recorded for Victoria 
and New South Wales, but not for Tasmania. In view of the 
information already given, there can be little doubt that 
P. alpimim R. Br. and P. Tadgcllianum Rogers are one and the 
.same species. 

Though FitzGerald unfortunately did not live to delineate 
P, fits cum in his great work (Australian Orchids, Vols. 1-2) 
he figures a form under P. alpinum (see Vol. 2), but his inter¬ 
pretation can with confidence be referred to as P. gracile Rogers. 
Though he gives the lateral sepals as “quite free ’’ in opposition 
to “connate” in the original description of P. gracile (5), my 
experience with P . gracile in Victoria, Tasmania, and New South 
Wales proves them to be very often free to the extreme base. 
P. gracile may also be Bentham s var, grandifloriim\ 6). 

As a fully-detailed description of P. alpinum appears under 
P. Tadgellianum (4), only a few characters need be given. 

A robust, dwarf species with comparatively few flowers; leaf 
often longer than the spike; flowers pale yellowish-green, some¬ 
times almost colourless, or green with light-brown, or bold 
chocolate-brown or purplish-red markings; lateral sepals con¬ 
sistently connate to about the middle (see figures). Fragrant. 
Closely related to P. fuscum R. Br. Fruit often remarkably 
turgid. FI. Dec., Feby., or until early March. Victoria, New 
South Wales, Tasmania. 

Hooker in FI. Tas. (p. 12) writes: “The lateral sepals are 
free or rarely united at the base or to the middle, and the 
labellum is often pubescent/' Hooker doubtless includes several 
distinct species here, including P. Brainei Rogers and P 4 gracile 
Rogers, both of which appear to be fairly plentiful in parts of 
Tasmania, though not as yet placed on their records. 

Bindley (Orchidaceous Plants , p. 315) refers to the upper half 
of the labellum as “undulate (sic)” 

In reference to the form known in South Australia as P. 
fuscum , which is here described as a new species, Rogers writes: 
“ The specimens sent to you represent the plant which has always 
been known by that name in this State (S.A.). The deter¬ 
mination was made by F. v. Mueller, and has been accepted by 
Prof. Tate, and endorsed by FitzGerald who visited us about 
1881 or 1882. It does not follow, however, that their deter¬ 
mination is absolutely trustworthy. The fragrance of the South 
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Australian form is usually powerful and pleasant when fresh, 
but as this appears to be dependent on weather or some unknown 
conditions it was thought better not to include it in the 
description.” 

My own experience with P. gracile Rogers in Victoria and 
New South Wales is similar. Sometimes it is scentless, occa¬ 
sionally a trace is perceptible, and sometimes a specimen may 
diffuse a very acute and delightful fragrance. Scent is un¬ 
reliable as a distinguishing factor in many instances. 

Prasophyllum pallidum, n. sp. 

P. fuscum. Trans. Roy. Soc. S.A., xxxiii., 215, PI. 13a, and FI. of Sth. 

Aust. (J. M. Black), Part I., 1927, R. S. Rogers. 

Planta terrestris, gracilis, 15-30 cm. alta; folium teres, 
vaginatum erectum, saepe inflorescentiam excedens; spica 
laxa; flores 15-30 virides vel flavo-virides, pedicelli per- 
breves; segmenta-perianthi glandulosa; ovaria turgida; 
sepalum-dorsale erectum, ovatum lanceolatum sub-concavum, 
acuminatum, circiter 5-6 mm. longum; sepala-lateralia 
parallela, lanceolata, concava postica basi cohaerentia cir¬ 
citer 6.5-7 mm. longa; petala semi-erecta, patentia vel 
incurva, linearia-obtusiuscula circiter 4-5 mm. longa; 
labellum sessile, erectum, abrupte recurvum, ovate- 
cuneatum, marginibus crenulatis, brevissime ciliatis; pars 
callosa, ovate-lanceolata, virides; pars membranacea latius- 
cula alba; laminae-basi subulata-lanceolata appendice; 
columnae laciniae, laterales oblongae, apicibus obtusis, 
obliquis; anthera parva; pollinia granulosa; caudicula longa. 

A slender species, almost wholly green or yellowish-green, 
15-30 cm. in height; leaf terete, erect, of varying length; flowers 
15-30 green or yellowish-green, in a long loose spike; pedicels 
short; ovary turgid, standing well out from axis; perianth- 
segments glandular; dorsal sepal erect, ovate-lanceolate, some¬ 
what concave, acuminate, about 5-6 mm. long; lateral sepals 
parallel, lanceolate-concave, connate at the extreme base only, in 
some flowers quite free, 6.5-7 mm. long; petals semi-erect, 
spreading or incurved, tips more or less obtuse, about 4-5 mm. 
long; labellum sessile, erect, then recurved abruptly about the 
middle, ovate-cuneate, margins crenulate very shortly ciliate; 
callous part ovate-lanceolate, green, not conspicuously raised, 
extending to within a short distance of tip; membranous part 
comparatively broad, white; base of labellum-lamina with a long 
(usually) subulate-lanceolate appendage (though not recorded 
by Dr. Rogers in (5), this unique feature is given prominence 
in his more comprehensive description of “ P. fuscum Ji in 
Black’s Flora of South Australia, 1933. p. 127) ; column wings 
broadly-oblong, tips obtuse, oblique; anther shorter than rostel- 
lum; pollinia very granular, with a rather long caudicle; rostellum 
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with an emarginate apex. Fragrant. The specific name is in 
reference to the pale colour of the flowers. FI. Sept.-Nov. 

South Australia, Victoria (Devil's Garden, near Pomonal). 
This species was first discovered in Victoria by Miss Lorna 
Banfield, of Ararat. (Oct.-Nov., 1932.) 
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Prasophyllum Spp. 

A—G. P. alpimtm R. Br. A, Flower from front; B, from above; 
C, from front-mature stage; D. Conjoined sepals drawn from a type 
flower; E. Typical specimen with flowers. Spike just emerging from 
scape (note the tubers, &c., characteristic of moist soil conditions) ; 
F., Fruit; G, Flower from side. 

H—O. P. fuscum R. Br. H, Flower from side; I, from front, lateral 
sepals temporally united; J, Lateral sepals free; K, Lateral sepals united 
at extreme base; L, Spike of flowers, &c.; M, Fruit; N, A type flower; 
O, Tubers. 

P—U. P. pallidum, n. sp. P, Spike of flowers; Q, Flower from front; 
R, Column, showing appendage; S, Flower from side; T, Lateral sepals 
from above; U, Ciliate margins of labellum-lamina. 
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[Proc. Roy. Soc. Victoria 46 (N-S.), Pt. I., 1933.] 

Art. IV.— Notes on Porotermes and Calotermes ( Isoptera ) from 

the Australian Region, with Descriptions of New Species. 

By GERALD F. HILL 

(Section of Forest Pests, Division of Economic Entomology, C.S.I.R.) 

(With Plates I. and II.) 

[Read 13th July, 1933; issued separately 22nd December, 1933.] 

This paper contains a further discussion on the synonymy and 
distribution of Porotermes, biological notes on Calotermes 
( Calotermes ) re pandits and C. (N eotermes) irregularis, a note 
on the rediscovery of C. convexns in Tasmania, further 
descriptions of, and notes on, C. spoliator and C. tillyardi, 
description of C. ( Glyptotermes ) neotubercnlatus, notes on the 
synonymy, habits, and distribution of C. (Cryptotermes ) buxtoni, 
and descriptions of C. (Cryptotermes) queenslandis and C. 
( Cryptotcrmes ) atrafits. 

All of the above species are of importance in the destruction 
of seasoned constructional timber or living trees. 

Porotermes adamsoni (Froggatt). 

Proc . Linn . Soc., NS.W xxi., p. 532, 1896. 

In a previous paper(l) on this genus it was suggested that 
the three named Australian forms of Porotermes are probably 
conspecific. Since then a very considerable number of colonies 
have been critically examined, with the result that the writer no 
longer has any doubt that P. grandis Holmgren and P. frog gat ti 
Holmgren are synonymous with P. adamsoni (Froggatt).* 

The principal differences between the three forms are size and 
colour. The smallest and lightest-coloured form is P. adamsoni, 
from New South Wales, Federal Capital Territory, and 
South-eastern Victoria, the intermediate form, P. froggatti 
Holmgren, from Tasmania, and the largest and darkest, P. 
grandis Holmgren, from Otway Forest, the mountain districts 
of South-eastern Victoria, and the mountain districts of the 
Federal Capital Territory (3,500-4,100 feet). 

In the following tabulations, which supplement those given in 
my previous paper(1), measurements are given of the smallest 
and largest examples in each of three typical colonies. The 
antennae in both the winged adult and the soldier have from 
fifteen to eighteen segments. 

'Localities.—New South Wales: Uralla, Galston, Brooklana, 
Leura, Gosford, Tuggerah Lakes, Mfttagong, Kiandra. Federal 
Capital Territory: Lee’s Spring, Unarm, Blundell’s Farm, 
Canberra, Kowen. Victoria: Melbourne, Gisborne, Riddell, 
Monbulk, Gembrook, Cockatoo, Emerald, Ferntree Gully, 

* It is of interest to note that according to Dr. Harold Kirby the Protozoa of these three 
forms are identical. 
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Warragul, Taggerty, Donna Buang, Lower Tarwin, Healesville, 
Warrandyte, Korumburra, Otway Forest, Cann River, Tatong. 
Tasmania: Scottsdale, Herrick, Launceston. 

Biology.—The winged adult lias been taken in Canberra, F.C.X, 
at a light indoors on 24th January; in a rotten log near Scottsdale, 
Tasmania, on 30th January; and in a similar position at Lee’s 
Spring, F.C.T., from 1st to 7th February. On the latter date 
very many “ swarmed ” from another part of the same log from 

5.30 p.m. to 7.30 p.m., the greatest numbers emerging at about 

6.30 p.m. From 7.30 p.m. until 9.30 p.m. none appeared, and 
when the log was opened up on 11th February none was found 
in the galleries. During the flight none appeared at a camp lamp 
in the near vicinity, but many de-alated examples were found 
then and during the following morning running over the ground 
and logs nearby. A list of known indigenous host plants and 
some biological notes are given elsewhere (2). 


Winged Adult. 



Canberra. 

Federal 

Capital 

Territory. 

Scottsdale, Tasmania. 

Lee’s Spring, Federal 
Capital Territory. 


One 

Example. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Length, with wings 

mm. 

14‘25 

mm. 

15'50 

mm. 

1700 

mm. 

16 00 

mm. 

17 75 

Length, without wings .. 

8 60 

10 50 

11*00 

8 00 

11 00 

Head, to apex of labrum, 
long .. 

1 85 

196 

2 36 

2 03 

2 25 

Head, to apex of labrum, 
wide 

1 70 

185 

192 

1 92 

1 '96 

Pronotum, long* 

0 ’ 74 

088 

092 

0 74 

0'81 

Pronotum, wide 

151 

1 77 

192 

162 

1 73 


* Measured along the midline in all cases. 


Soldier. 


— 

Canberra, Federal 
Capital Territory. 

Herrick, Tasmania. 

Lee’s Spring, 
Federal Capital 
Territory. 

Minimum. Maximum. 

Minimum. 

Maximum. 

Minimum. Maximum. 


mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

Total length 

9 50 

12 00 

12 00 

1300 

11 50 

15 00 

Head, with mandibles 

3 75 

450 

420 

5 00 

4'50 

7 00 

Head, wide 

2 40 

2 92 

259 

3 21 

2'81 

407 

Gula, narrowest part 

0 37 

0-48 

0'55 

O'62 

0'51 

0 66 

Pronotum, long 

081 

096 

0'96 

114 

0 99 

1 29 

Pronotum, wide 

166 

1'88 

1 '92 

2 33 

1 96 

2'77 

Tibia iii long 

1 81 

196 

1'77 

2 22 

2 22 

2'55 
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Calotermes (Calotermes) repandus Hill. 

Entomologist, lix., p. 297, 1926; Insects of Samoa, Part 7, Fasc. 1, p. 6, 1927; 

Proc. Roy. Soc. Vic. (n.s.), xxxix., p. 21, 1926. 

This species was described from Samoa, where it occurs in 
living and rotten trees; this, or a very closely allied species, has 
been recorded also from Fiji. Recent reports, accompanied by 
specimens of soldiers and larvae only, indicate that it is causing a 
good deal of damage to buildings in Suva, Fiji. 

Calotermes (Neotermes) irregularis Froggatt. 

Proc. Linn. Soc. N.S.W., xxi, p. 525, 1896, Hill. Proc. Roy. Soc. Vic 
(n.s.), xxxviii., p. 195, 1926. 

This species is now recorded from the following additional 
localities:—Queensland: Yarraman (soldiers and larvae in a log 
of Eucalyptus crcbra) and Thursday Island (soldiers and larvae 
in living mango trees ; alates and others in a living tamarind tree, 
10th March). The soldiers in the Thursday Island series differs 
slightly from the type, but appear to fall well within the range 
of variation found in examples from the mainland. Mr. H. N. 
Hockings, from whom the specimens were received, states that 
most of the mango and some of the tamarind trees on this island 
are infested with this species. 

Calotermes (subgen. ?) convexus (Walker). 

Termes convexus Walker, Brit. Mns. Cat., Neuroptera, p. 527, 1853. 

Hagen, Linn. Entomol., xii., p. 45, 1858. 

(Plate L, Fig. 1.) 

This species does not appear to have been recognized since the 
publication of Walker’s description of the unique type (alate 
adult) from Tasmania. Hagen, after comparing the types, con¬ 
cluded that the somewhat larger T. obscurits Walker from Swan 
River is not otherwise different from the Tasmanian species. In 
1920 Sir G. A. K. Marshall, at the writer’s request, re-examined 
the then much damaged types and compared recently collected 
material from Swan River with them; his conclusions indicated 
that the two are specifically distinct. 

Dr. R. J. Tillyard on 12th Febr uary, 1933, collected two winged 
adults (male and female) floating on the Macquarie River, about 
25 miles from Launceston, Tasmania. These have been identified 
from the descriptions of Walker and Hagan as Calotermes con¬ 
vexus (Walker). I have also confirmed the views of Sir G. A. 
K. Marshall. Holmgren(4) considers that the soldier and 

worker ” described by Froggatt as C. convexus do not belong 
to this genus but to Poroternies ; he includes them under P. frog- 
gat ti Holmgren, which I now consider to be conspecific with 
P. adamsoni ( Froggatt) and P. grandis Holmgren. 

It is probable that C. convexus lives in small colonies in 
branches and branch stubs in living Eucalyptus trees, and that 
when sought for in these places it will be found to be not 
uncommon. 


Porotermes and Calotermes. 


39 


Description of the Wings.—The venation very variable. The 
•subcosta about as long as the wing is wide at the suture. Radius 
about twice as long as subcosta. Radial sector with about 12 
branches. Media of the male parallel with the radial sector to 
the apex of the wing, a little nearer to the radial sector than to 
the cubitus; cubitus parallel with the media, passing through the 
middle of the wing, with many branches. Media of the female 
(Fig. 1) joining the radial sector before the middle of the wing; 
cubitus joining the radial sector midway between the termination 
of the media and the apex of the wing. In the hindwings of the 
female and in one hind wing of the male the venation is similar to 
the forewing of the former, in the other wing of the male the 
cubitus runs to the apex, parallel with the media through the 
middle of the wing. The wing membrane is dotted moderately 
densely with the scale- and spine-like micrasters. 


Measurements. 

Length with wings .. 

„ without wings 

Head, from base to apex of labrum, long 
„ from base to clypeofrontal suture, long 

„ wide 

Antennae long (13 segs.) 

Eyes, diam. 

Pronotum, long 0.66; wide 
Forewings, long* 6.00; wide 
Tibia Hi, long 

* Measured from suture in all cases. 


mm. 

S 8.00; $8.50 

$ 4.50; $5.00 
1.29 
0.99 
1.03 
1.48 
0.26 
1.15 
1.85 
0.74 


Calotermes (subgen. ?) spoliator Hill. 

Proc. Roy Soc. Vic. (n.s.), xliv., p. 136, 1932. 

(Plate I., Figs. 2-5.) 

Winged Adult. 

Very similar to Calotermes tillyardi Hill, from which it is 
distinguished by the antennae, wing venation, slightly larger size, 
and lighter colour of the ventral surface. 

Head (Prig. 2).—Antennae with 13-14 segments; the 1st seg¬ 
ment one-third longer than the 2nd; 2nd, 3rd and 4th subequal, 
or 3rd longer than 2nd and 4th; 5th-13th increasing in length 
progressively; 14th about as long and wide as 8th. Eyes sub- 
triangular (horizontal diam. 0.225-0.240). Ocelli very small 
(maximum diam. 0.075), one-fourth their short diameter from 
the eyes. 

Wings (Figs. 3-5).—Very similar to C. tillyardi, from which 
they differ as followsGenerally a little narrower in proportion 
to length; subcosta of the forewing sometimes obsolescent; the 
media as heavily chitinized as is the radial sector, very variable, 
always nearer to the radial sector than to the cubitus and always 
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approaching or joining the former in the distal half of the wing, 
if only approaching the radial sector then connected with it by 
several short crossveins, if joining the radial sector then often 
branched, the branches sometimes forming a series of loops with 
the radial sector, both types of venation sometimes occur on 
opposite wings of the same individual; the cubitus always passes 
through the wing distinctly above the middle, sometimes joined 
to the media by short crossveins, with numerous branches, the 
distal ones joining the wing margin above, at, or just below the 
apex. 


Imago. 


Measurements. 


Length with wings 

mm. 

.. 8.75-9.50 

„ without wings .. .. 

.. 6.00-7.00 

Head from base to apex of labrum, long 

.. 1.22-1.33 

,, from base to clypeofrontal suture, long 

.. 0.96-0.99 

„ at and including eyes, wide 

.. 1.00-1.03 

Antennae, long 

.. 1.40-1.48 

Pronotum, long 0.59-0.74; wide 

.. 1.18-1,40 

Fore wings, long 6.00-6.75; wide 

.. 1.66-1.96 

Tibia iii, long 

.. 0.74-0.80 


Localities.—Federal Capital Territory (type locality) : Uriarra 
and Black Mountain, at elevations of from 2,000 to 2,600 feet. 
New South Wales: several localities near Sydney. 


Biology.—This species occurs rather commonly in the Federal 
Capital Territory in branch stubs and in the sap- and truewood in 
the vicinity of fire-damaged areas in living trees of Eucalyptus 
maculosa and E. mi cr ant ha at from a few inches from the ground 
to a height of 28 feet. Soldiers only, or soldiers, larvae, and 
nymphs, have been taken twice in association with the same castes 
of Calotcrmes oldfieldi var. chryseus and once in very close 
proximity to, if not in association with, Calotermcs neotubercttla- 
tiiSj n. sp., in a tree which was infested also with Heterotermes 
ferox and Goptotermes acinaciformis. On another occasion 
alates and soldiers were taken with, or very close to, a group of 
individuals including larvae of Porotennes adamsoni and soldiers 
of C. neotuberculatus. The alate form has been taken from 27th 
January to 31st March. 

Affinities.—The similarity of the imago to C. tillyardi has been 
noted above; both appear to belong to the same as yet undefined 
subgenus as C. rufinotum (from Victoria, South-Eastern New 
South Wales and Federal Capital Territory), C. obscurus (from 
Western Australia) and C. convexus (from Tasmania), but 
the soldier is markedly distinct from those of C. rufinotum and C. 
tillyardi (the soldier of C. convexus is not known). 

Type (morphotype) winged adult in the collection of the 
Division of Economic Entomology, C.S.I.R., Canberra. 







41 


Porotermes and Calotermes, 


Calotermes (subgen. ?) tillyardi Hill. 

Proc. Roy. Soc. Vic. (n.s.), xliv., p. 138, 1932. 

(Plate I., Figs. 6 and 7.) 

Several errors occur in the published description of this species 
owing to the inclusion of details, including a figure of a wing, 
which should have been attributed to C. spoliator , the slightly 
larger winged adult of which was not recognized as such at the 
time owing to its remarkable similarity to the species under 
notice. 


From a study of the abundant material of both species which 
has been collected during the past summer, it is possible to define 
the specific differences in the winged adults of the two species, 
to describe the hitherto unrecognized winged form of C. spoliator ,. 
to state that the soldier described under C. tillyardi is correctly 
referred to that species, and to record the apparently restricted 
distribution of the latter species. 

Description of Wings.—The following is an amended descrip¬ 
tion of the wings:—Short and moderately wide. Subcosta and 
radius of the forewing (Fig. 6) short, the former sometimes 
obsolete, the latter rarely branched; the radial sector with from 
9 to 12 or more branches to the costa, the distal branches some¬ 
times forked; the media passes through the anterior third of the 
wing, parallel with the radial sector with which it never unites, 
very little closer to the radial sector than to the cubitus, stout at 
the base but not so dark as the radial sector, the remainder of 
the vein paler but distinct to its termination at the apex of the 
wing; the cubitus passes through the wing at or a little above the 
middle and runs parallel with the media, with many branches all 
of which terminate well below the apex of the wing; the radial 
sector of the hind wing has from 5 to 7 branches. The entire 
membrane 'and all the veins are dotted with minute scale-like 
and still smaller spine-like micrasters. 


Measurements (amended). 

Length with wings .. 

„ without wings 

Head, from base to apex of labrum, long 

„ from base to clypeofrontal suture, long .. 
„ wide 
Antennae, long 

Pronotum, long, 0.62-0.66; wide 
Fore wings, long, 6.00; wide 
Tibia iii, long 
Eyes, diam. *. 

„ from lower lateral margin of head .. 


mm. 

.. 8.50-9.00 
.. 4.00-5.00 
.. 1.18-1.25 

.. 0.92-1.00 
1.00 

.. 1.36-1.40 

.. 1.14-1.33 

1.88 

.. 0.70-0.77 
.. 0.255-0.260 
0.40 


Locality.—Federal Capital Territory: Brindabella Mountains,, 
at elevations from 3,000-4,100 feet. 
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Biology.—The associates of C. tillyardi in the same system of 
galleries in trees are, as far as is known, Calotermes old field i var. 
chryseus and C. rufinotnm. There is no evidence of interbreed¬ 
ing between the first and last-mentioned species with the second, 
but there is some reason to believe from an examination of the 
soldiers found in mixed colonies that this does occur between the 
first and last-mentioned species. The occurrence of several 
young de-alated adults of C. tillyardi and C. rufinotnm in the 
same galleries has been observed on several occasions. The 
winged adult has been taken from 5th December to 10th March. 

Calotermes (Glyptotermes) neotuberculatus, n.sp. 

(Plates I. and II., Figs. 8-13.) 

Winged Adult. 

(Figs. 8-11.) 

Colour.—Head, thorax and dorsum of abdomen very dark- 
brown (as in C. tillyardi and C. spoliator) ; under surface some¬ 
what paler; tarsi and antennae buckthorn brown; anteclypeus 
whitish; labrum mars yellow. 

Head.—Small, broadly rounded behind the eyes, finely 
shagreened and clothed with a few short hairs. Antennae of 
13 segments; the 1st segment short and stout; 2nd shortest and 
narrowest of all; 3rd distinctly longer and wider than 2nd and 
4th, narrowed at base, 4th globose, 5th-12th globose, increasing in 
length and width progressively; 13th very short and narrow. 
Eyes small, rounded or sub-triangular (0.195 x 0.225 diam.), 
0.150 from lower lateral margin of head. Ocelli very small 
(0.060 diam.), round, in contact with the eyes. 

Thorax.—Pronotum (Fig. 11) slightly narrower than head, 
markedly convex, the borders margined, and with a scanty fringe 
of short hairs, widely concave in front, anterolateral angles 
slightly rounded, sides nearly parallel to the widely rounded 
posterolateral angles, posterior margin broadly rounded, deeply 
and widely notched medially. Posterior margin of meso- and 
metanotum very wide and concave. 

Wings (Figs. 8-10).—Short and narrow, dark brown. Sub¬ 
costa very short, about one-third as long as the wing is wide at 
the suture; radius about three times longer than subcosta; radial 
sector and media typical of the subgenus; stout, running parallel 
with and close of the costa; cubitus passing through the middle of 
the wing, with 9-11 branches, the proximal four or five stout, 
the others indistinct; membrane and veins covered with scale-like 
micrasters only. 

Legs.—Moderately short and stout; tibial spurs long, not 
•serrated. 
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Measurements. 


Length with wings 
„ without wings 

Head, from base to apex of labrum, long 
„ from base to clypeo frontal suture, long 
„ at and including eyes, wide 
Pronotum, long, 0.51-0,62; wide 
Forewings, long 5.40; wide .. 

Tibia iii, long 


mm. 

7.00 

4.25-5.00 

1.07 

0.85 

0,96-1.03 

1.11 

1.51 

0.77 


Soldier. 

(Figs. 12 and 13.) 

Colour.—Head amber brown, mandibles reddish brown at base, 
black at apex; pronotum a little paler than head, remainder of 
insect ochraceous. 

Head (Figs* 12 and 13).—Much longer than wide, nearly 
parallel on the sides, broadly rounded behind, a large blunt pro¬ 
minence on each side near the dorsolateral corners of the frons, 
with a few comparatively long hairs, frontal and transverse 
sutures distinct, eyes large and very distinct. Gula long and 
markedly narrowed at the posterior third. Mandibles short aitd 
stout, the left with three very short blunt evenly spaced teeth in 
the middle third, the right with two larger closely spaced teeth, 
the basal one showing beyond the apex of the labrum. Antennae 
with 11 segments; tiie 1st short, stout and dark in colour; 2nd 
about one-fourth as long as 1st; 3rd shortest and narrowest 
of all or as long and wide as 2nd; 4th to 10th short and wide, 
about equally wide, increasing very little in length progressively ; 
11th as long as 10th. but much narrower. 

Thorax.—Pronotum about as wide as head, anterior margin 
straight on sides, widely and deeply concave in the middle, slightly 
bent upwards, the anterior half of sides of the sclerite nearly 
straight, thence broadly rounded to the rounded and slightly con¬ 
cave posterior margin, clothed with very few hairs of compara¬ 
tively large size. Posterior margin of meso- and metanotum very 
wide and slightly concave. 

Abdomen.—With very few hairs, these comparatively large. 

Legs.—Very short and stout, clothed only with a few long 
stout hairs, femora of hind legs very stout, half as wide (0.296) 
as long; tibial spurs very short and stout, without serrations, 


Measurements. 


Total length 

Head, base to apex of mandibles, long 
„ wide 

Mandibles, left (dissected out) 

Gula, at narrowest part, wide 
Pronotum, long 0.53 : wide 
Tibia iii, long 


mm. 


5.00 
2 22 
L00 
0.74 
0.26 
1.07 


0.52-0.60 


9536 .— 
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Localities.—Federal Capital Territory (type locality) : Black 
Mountain, Uriarra, Weetangera, Cotter River Water Reserve, 
at elevations from 2,000-2,400 feet. New South Wales: Galston, 
Manly. 

Biology.—Small colonies have been taken in branch stubs and 
adjacent truewood of living trees of Eucalyptus macrorrhyncha , 
E. micrantha and E. maculosa. The Galston specimens include 
one alate and one soldier taken with a large colony of C. spoliator 
(alates, soldiers, &c.) in a living tree of E. inacrorrhyncha on 
6.2.30. The Manly specimens, labelled “ greenwood termite,” 
include several wings, one soldier and some larvae (in balsam) 
from Froggatt’s collection. The alate form has been taken on 
4th January on the wing during the day in Canberra. 

Affinities.—The alate form is very closely allied to C. (G.) 
eucalypti Froggatt, from which it is distinguished by its appre¬ 
ciably smaller size, and darker colour. The soldier resembles C. 
( G .) tub ere ulatus Froggatt in having large blunt prominences on 
the frons, but these are relatively wider apart and not so well 
developed. Apart from its much greater size Froggatt’s species 
may be distinguished by differences in the mandibles and 
antennae. The images of the two species are very distinct in size 
and colour. 

Types (king, queen, and soldier) in the collection of the 
Division of Economic Entomology, C.S.I.R., Canberra. 

Calotermes ( Cryptotermes) buxtoni Hill. 
Entomologist lix., p. 298, 1926 Insects of Samoa, part VII., fasc i, p. 9, 1927. 

In the latter paper the writer referred to the occurrence on 
several islands in the South Pacific Ocean of several forms closely 
allied to the above, descriptions of which were deferred owing to 
lack of adequate material for examination. No further speci¬ 
mens have been received from either Tutuila Is. (Samoan group) 
or from Vavau Is. (Tonga group), but several additional series 
are now available from Fiji and Thursday Is., a study of which 
leaves little doubt but that they are conspecific with €. buxtoni . 

In one colony, containing many alates, soldiers, nymphs and 
larvae, which was taken from a short length of badly damaged 
floor bearer of Brown Tulip Wood ( Tarricta argyrodendron) in 
a large wooden building on Thursday Island, there are four 
soldiers of C. buxtoni and live of C. secundus Hill. The alates 
agree closely with the former species, and also with two alates 
collected in July and August last at a lamp near Darwin, X.T., 
the type locality for the latter species. In an earlier paper (3) 
the Thursday Island species, now regarded as C. buxtoni, is 
referred to under the manuscript name C. torresi . It may be 
mentioned that flooring boards of Kauri ( A gat his Palm erstoni) 
from ? Queensland are attacked by this species on Thursday 
Island. 
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C. repentinus, described from alates only from Rabaul and 
Toma, New Britain(3), appears to be conspecific with C. buxtoni, 
but it may be noted that whilst many of the alates and soldiers 
in each of several recently collected colonies agree with the types, 
there are others of both castes which show such marked varia¬ 
tion as to suggest specific differentiation. 

C. guIosuSr described from alates and one soldier from Kaile, 
Papua(3), agrees very closely in both castes with certain 
examples from Rabaul ; it is possible that this species too should 
be referred to C. buxtoni. 

It is evident from an examination of the available material that 
the alates and soldiers from the same colony of Cryptotermes 
sometimes exhibit such marked individual differences in size and 
form as to render satisfactory identification a matter of great diffi¬ 
culty. ' The habits of Cryptotermes as borers and dwellers in sea¬ 
soned wood (furniture, constructional timber, &c.) would favour 
the wide distribution of species from island to island by com¬ 
merce; it is suggested that C. buxtoni and C. secundus have been 
distributed by this means, and, further, that they may have been 
introduced originally from some of the islands of the North 
Pacific where very close allies are known to exist. 

Cryptotermes are now well established as pests of furniture 
and building timber on the islands mentioned. On Thursday 
Island, whence many reports have been received during the past 
ten years, at least one large building has been very seriously 
damaged as a result of attacks on both hardwood and softwood 
timber. On the other hand, in Darwin, Northern Territory, and 
Townsville, N. Queensland, where C\ Secundus and C. primus 
respectively have been known for many years, damage has been 
negligible so far, although wooden telephone insulator spindles 
have been attacked recently in the latter State. 

Calotermes (Cryptotermes) queenslandis, n. sp. 

(Plate II., Fig*. 14.) 

Winged Adult. 

(Fig. 14.) 

Colour.—Head, thorax, wing-veins and abdomen dark brown; 
antennae and legs, excepting tibiae and tarsi, lighter brown; ante - 
clypeus whitish; labrum, tibiae and tarsi buckthorn brown; wing 
membrane brown, lighter than veins. 

Head.—Small, longer than wide, widest behind the eyes, 
narrowed anteriorly, clothed with a few very short hairs and 
minutely shagreened. Eyes small (0.250 x 0.290 diam.) and 
prominent, 0.140 from lower lateral margin of head. Ocelli very 
small, in contact with the eyes. Antennae with 14-16 segments; 
the 1st and 2nd segments short and stout ; 3rd nearly always the 
shortest and narrowest of all; 4th to penultimate segments 
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increasing in size progressively; the last segment distinctly 
smaller than the four or five preceding it. Lab rum strongly 
convex, wider than long, widest across the middle, anterior half 
broadly rounded, the apical margin hyaline. Postclvpeus very 
short, one-third the length of the anteclypeus, anteclypeus one- 
third as long as wide, anterior margin concave. 

Thorax.—Pronotum large, much wider than head, markedly 
arched dorsallv, the surface minutely shagreened, clothed with a 
few short hairs, the border margined, anterior margin broadly 
concave, the sides, posterolateral angles and posterior margin 
rounded, posterior margin slightly notched medially, several deep 
impressions in the anterior one-third beginning near the anterior 
margin midway between the middle and lateral margin and 
extending posteriorly and diagonally towards the midline. Meso- 
and metanotum wide and broadly concave. Stumps of the fore¬ 
wings very large, rugose, almost completely covering those of the 
hindwings, base of the veins very distinct. 

Wings (Fig. 14).—Short and moderately wide; subcosta of 
forewing short, about as long as width of wing at suture (want¬ 
ing in hindwing) ; radius a little more than twice as long as 
subcosta; radial sector with seven branches to the anterior margin 
of wing; media stout at each end, passing through the anterior 
third of the wing and joining the radial sector beyond the middle; 
cubitus traversing the wing a little above the middle, with about 
10 branches, the last of which joins the margin a little below the 
apex. The membrane and veins are clothed densely with scale-like 
micrasters; spine-like micrasters are wanting. 

Legs.—Moderately short and stout, with scanty short hairs; 
tibial spurs long and slender, 3:3: 3. 

Measurements. 

Length with wings 
„ without wings 

Head, from base to apex of labrum, long 
* „ from base to clypeofrontal suture, long 

„ at and including eyes, wide 
Antennae, long 
Pronotum, long, 0.63; wide 
Forewings, long, 6.00; wide 
Tibia iii. long 

Soldier. 

Colour.—Mandibles, postclypeus and frons black, remainder of 
head, palpi and lateral cervical sclerites dark reddish brown, the 
head becoming paler towards the base, labrum, anteclypeus, 
antennae and legs clay colour. 

Head.—Short and wide, finely shagreened and bearing scanty 
short hairs, broadly rounded behind, slightly rounded on the sides, 
depressed on the vertex; frontal flange indistinct except at its 
lateral extremities where it is prominent; a short stout horn-like 


mm. 

8.5 

5.5 
1.25 

.. 0.85-0.96 
.. 0,99-1.07 

1.85 

.. 1 . 12 - 1.22 
1.70 

.. 0 . 81 - 0.88 
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prolongation of the lower anterior margin of the antennal fossa, 
a slightly larger one projecting from near the lateral margin of 
the postclypeus. Frons rugose and sloping at an angle of 45° 
from the anterodorsal margin to the clypeus. Anteclypeus very 
short and wide. Labrum a little wider than long, nearly straight 
on the sides, narrowed sharply from the anterior one third to the 
pointed apex. Antennae short, with 13 segments; 1st segment 
short and stout ; 2nd about two-thirds the length of the 1st and 
narrower; 3rd short, narrow and of dark colour; 4th and 5th 
fused; 6th to 12th moniliform; 13th oval, a little shorter and 
narrower than 12th. Mandibles comparatively long and slender 
for the subgenus. 

Thorax.—Pronotum a little narrower than head, the anterior 
margin widely and deeply notched, sides slightly rounded, postero¬ 
lateral angles broadly rounded, posterior margin wide and slightly 
sinuate. 

Legs.—Short and stout, with scanty hairs; tibial spurs 3:3: 3. 


Measurements. 


mm. 

Total length (head at right angles to body) .'. .. 4.00 

Head, base to anterior margin of frontal flange, long .. 1.11 

„ to apex of mandibles, long .. .. .. 2.03 

„ wide .. .. .. - • .. 1.25 

„ deep ,. .. .. .. .. .. 1.03 

Antennae, long .. .. ... .. ..1.11 

Pronotum, long, 077; wide .. .. .. 1.22 

Tibia iii, long .. .. .. .. .. .. 0.85 

Localities.—Queensland: Toowoomba (type locality). New 
South Wales: Galston. 


Biology.—Two colonies were taken by Mr. T. Greaves near 
Toowoomba on 27th December in small rotting logs on the 
ground in dense scrub country, one comprising a king, several 
alate adults and many nymphs, the other a queen, two soldiers 
and many larvae. The Galston colony comprised a few soldiers, 
nymphs and larvae from a dead stump in forest country. 

Affinities.—The winged adult of this species may be readily 
distinguished from all previously described Australian species 
by its dark colour; it is, however, very similar indeed to the 
following species (C. atratus , n. sp.) from which it differs in its 
larger size, from one to three additional segments in the antennae, 
different pronotum, and the absence of spine-like micrasters on 
the wing membrane. The soldier also is quite different from 
previously described Australian species in having, inter alia, a 
poorly developed frontal flange and sloping frons. The Galston 
soldiers differ from those in the type colony as follows:—Head 
slightly larger and darker and more rugose behind the frontal 
flange, and the latter slightly more developed. 

Types (queen and soldier) and paratypes (including winged 
adults) in the collection of the Division of Economic Entomology, 
C.S.I.R., Canberra. 
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Calotermes (Cryptotermes) atratus, n. sp. 

(Plate II., Figs. 15-19.) 

Winged Adult. 

(Figs. 15-19.) 

Colour.—Generally similar to that of Calotermes queenslandis, 
n. sp., but darker (nearly black) ; antennae and legs, excepting 
tarsi, dark brown, tarsi light yellow. 

Head.—Small, longer than wide, widest behind the eyes, 
posterior margin hemispherical. Eyes small, subtriangular (0.185 
diarn.). Ocelli small, circular, very near the eyes. Antennae 
(Fig. 19) with 13 or 14 segments; the 1st segment short and 
stout; 2nd about one-half as long and two-thirds as wide as 1st; 
3rd longer and wider than 2nd, widened at apex; 4th usually 
shortest and narrowest of all, globose or as long as 2nd and 5th; 
5th usually longer and wider than 4th or as in 4th; 6th longer 
than 5th; 7th-12th increasing in length progressively; 13th as long 
as 6th, oval, much narrower than 12th. Labrum as long as wide, 
markedly convex, very little widened on the sides, truncate in 
front. 

Thorax.—Pronotuto large, much wider than head, strongly 
arched dorsally, anterior margin widely concave, anterolateral 
angles rounded, sides nearly parallel, posterolateral angles slightly 
oblique, posterior margin slightly sinuate; posterior margin of 
meso- and metanotum wide, almost straight. 

Wings (Figs, 15-18).—Short and moderately wide. Subcosta 
of forewing very short (wanting in hindwing), usually shorter 
than width of wing at suture; radius short, about one-third as 
long as wing ; radial sector with seven to nine branches to the 
anterior margin of the wing; media very variable, generally stout 
at each end, passing through the wing above the anterior third 
and joining the radial sector at or beyond the middle of the wing, 
but sometimes extending to the apex or forming a succession of 
loops after its first junction with the radial sector; cubitus travers¬ 
ing the wing above the middle, with numerous branches to the 
posterior margin. The membrane and veins clothed densely with 
scale-like and minute spine-like micrasters. 

Legs.—Short and stout, with scanty short hairs; tibial spurs 
long, moderately stout, 3:3:3. 


Measurements. 


Length with wings 

„ without wings 

Head, from base to apex of labrum, long' 

„ from base to clypeofrontal suture, long 

„ wide 

Antennae, long 

Pronoturn, long 0.55-0.59; wide 
Forewings, long 6.00; wide 
Tibia iii, long 


8-00 

5.00-5.50 

1.07-1.18 

0.85-0.92 

0.92-0.99 

1.59 

1.03-1.18 

1.66 

0.74 
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Soldier. 

Colour.—Mandibles, postcylpeus, frons and frontal flange 
black; gula blackish; anteclypeus whitish; labrum and antennae 
yellow ochre; palpi and remainder of head chestnut; pronotum 
chestnut, anterior and posterior margin darker; remainder of 
thorax and abdomen and legs ochraceous tawny. 

Head.—Finely shagreened, short and wide, widest at the pos¬ 
terior fourth, narrowed anteriorly to the anterior third, widened 
to the greatly thickened frontal flange, the latter deeply cleft 
medially, and not projecting over the vertical and markedly 
rugose frons; lower anterolateral margin of head not prolonged; 
no horn-like projection near the lateral margin of the postclypeus. 
Antennae short and stout, with 13 segments; 1st segment short, 
very little longer than it is wide at the apex; 2nd two-thirds the 
length and width of 1st; 3rd shortest of all, as wide as 2nd, 
swollen at apex; 4th as wide as 3rd, rounded; 5th- 12th approxi¬ 
mately equal in width to the 4th, increasing slightly in length 
progressively; 13th a little shorter and narrower than 12th. 
Mandibles (dissected from head) short and stout ; the left with 
two forwardly directed pointed teeth in the apical third, a short 
blunt tooth midway between the posteriormost of the latter and 
the large molar towards the base of the mandible; the right 
one with forwardly directed pointed tooth about the middle, 
a larger and stouter one midway between the latter and the basal 
molar. Labrum large, wide at base, narrowed to the truncate 
apex. Postclypeus short and wide, about one-fourth as long as 
wide; anteclypeus two-thirds as long as the postclypeus, the sides 
rounded to the broadly truncate apex. 

Thorax.—Pronotum short and w ide, not as wide as head; the 
anterior margin bent up, thickened, finely crenellated, widely con¬ 
cave ; anterolateral corners bent upwards, thickened, projecting 
beyond the sides; sides thickened and nearly parallel; postero¬ 
lateral corners slightly rounded; posterior margin widely but not 
deeply concave. Posterior margin of meso- and metanotum as 
in pronotum. 

Legs.—Very short and stout, with few hairs; claws and spurs 
very short and stout; spurs serrate, 3:3:3. 


Measurements 


mm. 


Total length 

Head, with mandibles, long 
„ wide 

Mandibles (dissected out) long . 
Gula,, at narrowest part, wide 
Pronotum, long, 0.55; wide 
Tibia iii, long 

Localities.—New South Wales 


.. 5.00 
.. 1.88 
.. 1.14 

.. 0.81 
.. 0.37 

.1.07 

.. 0.66 

near Appin (Type locality) 


and Jamberoo. 

Biology.—The above descriptions are from many winged adults 
and a few soldiers and nymphs taken by Mr. T. Greaves on 1st 
January, 1930, from an exposed dead root of a living Eucalyptus 
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tree. A week later several winged adults were taken at Jam- 
beroo by Mr. J. E. Cummins from wood enclosed in a termitarium 
of an unidentified species. 

^ Affinities.—Tlie resemblance of the winged adult to that of 
C. queenslandis, n.sp. is referred to under the latter species. The 
soldier is quite distinct from other Australian species, particularly 
in the absence of horn-like projections from the front of the 
head. 

types (winged adult male and female, and soldier) in the 
collection of the Division of Economic Entomology, C.S.I.R., 
Canberra. 


Acknozvledgment. 

I am indebted to Mr. W. James. C.S.I.R., Canberra, for the 
excellent photomicrographs which have been used to illustrate 
this paper. 


Bibliography. 


1. Hill, G. F. Proc. Roy. Soc. Vic. (n.s.), xxxviii, p. 144, 1926. 

2- -* Council for Sc. and Ind. Res., Pamphlet No. 25, p. 12, 1932. 

3. -, Mem. Nat. Mus. Melbourne ■ No. 7, p. 13, 1927. 

4. Holmgren, N. Entoni. Miltcilungen Deidschen Entom. Mus. Bd. 1 

p. 281, 1912. 


( 9 ), 


Explanation of Plates I. and II. 

Plate I. 

Fig. 1. Calotermes (subgen. ?) convexus (Walker). Fore- and hindwing. 

Fig. 2 .—Calotermes (subgen. ?) spoliator Hill. Head and antennae. 

biG. 3. —Calotermes (subgen. ?) spoliator Hill. Fore- and hindwing. 

Fig. 4.—Calotermes (subgen ?) spoliator Hill. Base of forewing. 

Fig. 5.— Calotermes (subgen. ?) spoliator Hill. Wing micrasters (x98). 

hiG. 6. — Calotermes (subgen. ?) tillyardi Hill. Forewing. 

hm. 7. Calotermes (subgen. ?) tillyardi Hill. Antenna of winged adult. 

Tig. 8. Calotermes ( Glyptotermes ) neotuberculatus, n. sp. Fore- and hind¬ 
wing. 

Fig. 9. Calotermes ( Glyptotermes ) neotuberculatus, n. sp. Base of fore¬ 
wing. 

Fig. 10.— Calotermes ( Glyptotermes ) neotuberculatus, n. sp. Wing 

micrasters (x98). 

Plate II. 

b ig. .11. — Calotermes ( Glyptotermes ) neotuberculatus, n. sp. Pronotum of 
winged adult. 

Fig. 12. — Calotermes ( Glyptotermes ) neotuberculatus, n. sp. Head of soldier 
in profile. 

Fig* 13. — Calotermes (Glyptotermes ) neotuberculatus, n. sp. Head of 
soldier from above. 

Fig. 14.— Calotermes ( Cryptatermes ) queenslandis, n. sp. Fore- and hind¬ 
wing. 

Fig. 15. —Calotermes (Cryptatermes) atratus, n. sp. Fore- and hindwing. 

Fig. 16.— Calotermes ( Cryptatermes ) atratus, n- sp. Forewing showing 
variation from above. 

Fig. 17. — Calotermes ( Cryptotennes) atratus, n. sp. Base of forewing. 

Fig. 18.— Calotermes ( Cryptotennes ) atratus. n. sp. Wing micrasters 
(x98). 

Fig. 19. — Calotermes (Cryptotennes) atratus , n. sp. Antenna of winged 
adult. 
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Lichenopora from the Miocene. 

[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. I, 1933.] 

Art. V.— On a Gigantic Polyzoan referable to Lichenopora, 
from the Miocene of Airey’s Inlet, Victoria. 

By FREDERICK CHAPMAN, A.L.S., F.G.S. 

(Commonwealth Palaeontologist). 

(With Plate III.) 

[Read 13th July, 1933; issued separately 22nd December, 1933.] 

Introduction. 

A few months ago Miss Helen T. Paterson, B.A., kindly 
handed to me for determination a rather striking and curious 
limestone specimen which she had recently collected from the 
Miocene of Airey’s Inlet. At first sight it called to mind the 
structure known as “ cone-in-cone,” but a thin section at once 
proved that the radii were of a tubular character, and that its 
relationship was that of a cyclostomatous polyzoan. 

General Observations. 

Of the two specimens found, the larger zoariutn measures 
11.5 cm. along its base, and it has a height of at least 9 cm. 
It is therefore amongst the largest of the Tertiary Australian 
polyzoa, exceeded probably only by Cellepora cor-ono pus Busk, 
which often developed into huge tree-like forms, having stems 
that sometimes measure 20 cm. in diameter, with branches more 
than a metre in length. 

J he nearest related Lichenopora to the form here described, 
occurring in Victorian Tertiary strata, is the so-called Tecticavea 
schnapperensis, which MacGillivray described from the Upper 
Oligocene (Balcombian) of Balcombe Bay, Port Phillip. This 
species, as figured by MacGillivray has, however, a stem-like 
form with superposed plates of zooecial tubes (MacGillivray, 
1895, p. 132, pi. xx., fig. 9). 

The fossil from Airey’s Inlet is more expanded and radial 
in its habit of growth. Tecticavea d’Orhigny, the genus used 
by MacGillivray, is now accepted by most authors as a synonym 
of Lichenopora (see Gregory, 1909, p. 246). 

Turning to a paper by A. W. VY 7 atet*s, we find that he referred 
one of his species of cyclostomatous polyzoa from Aldinga, 
South Australia (Waters, 1884, p. 695, pi, xxxi,, figs. 20, 21) 
to Lichenopora bolctif orntis, a form previously described by 
d Orbigny from the Cretaceous. Tecticavea bolctif orntis from 
the Senonian Chalk, d’Orb,, 1854, differs, however, from Waters’ 
Aldingan fossil in many structural features, and I therefore 
propose to re-name the latter as Lichenopora water si, sp. nov. 
The late Prof. J. W, Gregory (1909, p. 257), to whose careful 
and valuable work on Cretaceous Brvozoa I would here pay a 
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tribute, also pointed out that Waters’ Aldingan species is not 
d’Orbigny’s Senonian form. Waters’ original description of the 
Aldingan species, as Lichenopora bolctiformis (non d’Orbigny, 
non Reuss) is as follows:-— 

“ There are two colonies of this species from Aldinga: one 
forms a globular mass, slightly hollow in the centre, of about 
30 mm. in diameter; the other is growing on a Chilostomatous 
Bryozoan, and forms a conical mass of 14 mm. high. The fresh 
colonies commence by growing over the previous one in a tecti- 
form manner, hut afterwards they become confluent, forming 
continuous sheets over the previous growth. In the early stage, 
therefore this entirely corresponds with the Belgian fossil. 

“The rays are biserial, with openings but little larger than 
the interradia! and central cancelli. The apertures vary from 
0.09 mm. to 0.13 mm.” 

The Aldingan horizon appears to he of Upper Oligocene age; 
that of Airey’s Inlet may he as old as Lower Miocene. 

LlCHENOPORA PATERSON AE, sp. 110V. 

(Plate III., Figs, 1-4.) 

Description of Holotype.—Composite zoarium large, massive 
hemispherical; base tapering to original pedicel (wanting in 
specimen), formed of about 47 convex layers, 3 to 5 mm. apart. 
These layers are strengthened by fusion at intervals of 5 to 8 
mm. in lateral distance, the points of contact forming vertical 
radial pillars. Upper surfaces of laminae carrying discoidal 
groups (simple zoaria) of radiating zooecial tubes as in solitary 
examples of Lichenopora. 

Dimensions.—Height of composite zoarium, 11.5 cm.; width, 
9 cm. 

Description of Paratype—Smaller specimen.—Composite 
zoarium of a flattened mushroom shape, the sectional (vertical ) 
aspect showing a divergent, radial character. Laminae of about 
24 superposed layers, bearing on the upper surfaces innumerable 
clusters of zooecial tubes as in typical Lichenopora . Radial 
pillars of solid coenosteum, about 3 mm. in thickness. 

Dimensions.—Height of composite zoarium, about 3 cm.; 
width, 6.2 cm. 

Comparison of the diameters of the zooecial characters in the 
two species.—Waters gave the apertures of the Aldingan species 
(now Lichenopora zmtcrsi) as varying from 0.09 to 0.13 mm.; 
those of the Victorian species are larger, the tubes themselves 
measuring 0.2 mm. The radial pillars connecting the super¬ 
posed growth laminae are a distinct feature in the Victorian 
species. Copies of Waters’ drawings (Waters, 1884, op, cit., 
pi. xxxi., figs. 20, 21) are reproduced here. 
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Occurrence.—In Miocene limestone, at Airey’s Inlet, West of 
Anglesea, Victoria. Collected by Miss H. T. Paterson, B.A., 
after whom the species is named. Holotype in the National 
Museum. 
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Explanation of Plate III. 

Fig. 1.— 'Lichenopora, patet'sonae , sp. nov. Holotype. ^ nat. size. 

Fig. 2 .—Lichenopora patersonae , sp. nov. Paratype. Cir. nat. size. 

Fig. 3 .—Lichenopora patersonae, sp. nov. Vertical section of zooecial 
tubes, X 30. 

Fig. 4 .—Lichenopora patersonae, sp. nov. Transverse section of zooecial 
tubes, X 30. 

Fig. 5 .—Lichenopora watersi, nom. mut. Reproduction of Waters’ 

figure (nat. size) of L. boletiformis (non d’Orb.) from 
Aldinga, S. Australia. 

Fig. 6 .—Lichenopora watersi , nom. mut. After Waters, “ growing 

colonies.” Circ., X 2. 
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Art. VI.— On Fossiliferous Grits and Cherts , presumably of 
Cretaceous Age , associated with the Nullagines of Western 
Australia. 

By FREDERICK CHAPMAN, A.L.S., Hon. F.R.M.S., F.G.S. 

(Commonwealth Palaeontologist). 

(With Plate IV.) 

[Read 13th July, 1933; issued separately 22nd December, 1933.] 


Introduction. 

The following notes are the resub of a detailed examination 
of rock sections and specimens handed to me for description 
by Professor Sir Edgeworth David, D.Sc., LL.D., F.R.S., during 
1930 and 1931. These were accompanied by notes on the occur¬ 
rence of the rocks, by Dr. E. S. Simpson, and forwarded by the 
courtesy of Prof. E. de C. Clarke, M.A., to Prof. Sir Edgeworth 
David. 

Besides the rock sections kindly supplied me by Professor 
David, additional and especially thin micro-sections of the 
glauconite chert front Davis River have been prepared to show 
their minute organic structure, as well as others from the lime¬ 
stone of Wongawall. My remarks on the glauconite grit from 
Spinifex Well are based on the micro-slides prepared in the 
Geological Department of Sydney University, and kindly lent 
me by Professor Sir Edgeworth David. 


Description of the Rocks. 

Davis River, No. 13895. 

(These and other numbers were given during the W.A. 
Survey work, and are recorded in Bulletin No. 83, IV.A. Geol. 
Surv. 1920, by Mr. IT. W. B. Talbot.) 

Locality.—“ Near Survey Mark CC. 88 (Eat. 22°, S. Long. 
121° E., approximately), 205 miles North-North-East of Spini¬ 
fex Well. Apparent Nullagine beds.” E. S. Simpson. Banded 
glauconite grit. See Bull. 83, pp. 62. 126, 170. 

Macroscopic Appearance*—A hard siliceous rock with banded 
structure, consisting of vivid grass-green glauconite layers, about 
1 mm. in thickness; alternating with thicker, cherty bands of a 
pink to brown colour, about 3 or 4 mm. in thickness. This 
banded structure is more or less platy when fractured, and is 
clearly the result of an induration of a bedded sediment. 
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Microscopic Characters.— (a) The Glauconite Bands. 

These consist of angular quartz and other mineral fragments, 
together with more than 50 per cent, of glauconite grains, which 
are mostly in the form of casts of the interior of foraminiferal 
tests. The glauconite grains average about 0.5 mm. across, 
but occasionally attain three times that diameter. Of the more 
definite casts some can be referred to Foraminifera of the 
rotaline kinds, whilst others are related to virguline and globi- 
gerine genera. The occurrence of this evidence, apart from 
any other, tends to support the Cretaceous age of the rock. 

(b) The Chert Bands. 

Under a high magnification the cherty layer was seen to be 
crowded with the curious minute calcareous bordered discs 
(now silicified), known as coccoliths. They are of compara¬ 
tively large size and well-preserved. Numerous smaller, hammer- 
shaped, rhabdoliths, also of supposed algal affinity, are dis¬ 
tributed throughout the cherty substance. Other bodies seen 
in the sections were some ( ?) felspathic lath-shaped crystals. 
The largest coccoliths measure 0.02 mm., whilst the average 
examples are oilly half that diameter. The coccoliths present 
are of the type known as discoliths; they agree both in size and 
structure with those found in the Gin Gin Chalk of Western 
Australia, bill are more numerous than in that particular rock. 
No cyatholiths were seen. 

Coccoliths are not confined to the Cretaceous, but are often 
numerous, in the southern hemisphere, in Tertiary limestones; 
they also occur in rocks of the latter age in the West Indies, 
and are occasionally found in Jurassic marls in Europe. In 
these occurrences, however, the coccoliths differ in character 
from the Cretaceous forms. 

Spinifex Well, No. 13374. 

Locality.—“ Spinifex Well is No. 35 on the Stock Route 
between Nullagine and Peak Hill. It is situated in approxi¬ 
mately Lat. 24° 38' S. and Long. 119° 38' E., about 7 miles 
North-East of the now abandoned Kumarina CopperfieldT 
E. S. Simpson. 

Note by Dr. Simpson.—“ The surrounding country for an 
indefinite distance to the East, North, and West, is mapped by 
Talbot (see H. W. B. Talbot, Geol. Surv. IV.A. Bull, 83, 
plate VIII.) as horizontal or slightly dipping (up to 30°) beds of 
the Nullagine series (post-Huroniau, pre-Carboniferous), pene¬ 
trated at Kumarina and elsewhere by dolerite dykes, extending 
at times into sills. No such dyke or sill was seen in the im¬ 
mediate vicinity of Spinifex Well. Nineteen miles due south 
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of the well one strikes , the northern boundary of a large area 
of granite. There is some reason to believe that at Kumarina 
the Mosquito Creek schists (Huronian ?) are not far below 
the surface Nullagine sediments, which are here gypsiferous 
shales (see E. S. Simpson, Jaurn. Roy. Soc. W.A. y ix.. pp. 
45-49), and a small outcrop of them was observed by Talbot at 
the base of Wonyulgunna Hill, 13 miles South-South-East of 
Spinifex Well. Topographically, Spinifex Well lies in a broad 
lowland between outliers of the Collier Range (Nullagine sedi¬ 
ments), see H. W. B. Talbot, Geol Sure. TV.A. Bull. 83, plate)/’ 

the well is 60 feet deep, and the spoil on'the surface con¬ 
sists of about two parts grey shale and one part glauconite sand¬ 
stone and grit. There is no record of the relative situation of 
these two rocks. The immediate surface consists of loose sand.” 

The above notes were written hv Dr. Simpson, and dated 
12.11.30. They were originally sent to Sir Edgeworth David, 
who permits me to quote them. Dr. Simpson "also furnished 
alternative sections showing the relations of the rocks of this 
locality, and stated that “ Two structural explanations are pos¬ 
sible, of the visible data; 

“ (1) That the Nullagine sediments extend from the base of 
the hills across the lowlands either on or immediately below the 
surface. 

“ (2) That in the lowlands between the hills the Nullagines 
have been eroded to some depth, and the hollows levelled off 
with sediments of much later date. 

“ Fossil evidence is required to decide between these alter¬ 
natives, but no fossils have yet been found recorded from 
Spinifex Well, and the undoubted Nullagine rocks have yielded 
no fossils whatever from any part of their extensive exposures.” 

Macroscopic Appearance.—A gritty dark-brown sandstone, 
with included pebbles of schistose radiolarian rock, jasper and 
rounded quartz grains, associated with abundant dark green to 
almost black glauconite grains. 

Microscopic Characters.—Matrix scanty, of the nature of a 
fine siliceous and ferruginous ooze, more or less of foraminiferal 
and radiolarian origin. The foraminiferal glauconite casts are 
of larger size than those of Davis River, having an average 
diameter of 1 mm. They can be referred to rotaline, textu- 
larian, and possible milioline forms. One of the grains of 
finely crystalline quartz was originally a erinoid ossicle, for it 
shows the central gut canal and the typical crinoidal meshwork 
structure, now replaced by silica. There is also, in one of the 
sections, a small oolitic grain with numerous concentric layers* 
now jasperized. Coceolith< are present, but not abundant. 




Proc. R. S. Victoria 46 (1)> 1933. Plate IV. 



F. C. photo.] 

Sections of Chert and Glauconitic Rocks Associated with Nullagine Beds, W.A. 

[Page 64.] 




Fossilif era us Grits and Cherts. 


65 


This rock has undergone considerable dynamical meta¬ 
morphism, the finely granular and organic particles forming the 
paste being crushed to a very fine powder. Moreover, the larger 
pebbles often show very decided stress-shadows under rotating 
nicols. 


Conclusions. 

The glauconite cherts of Davis River are here held to he of 
Cretaceous age. This is based on the abundance of coccoliths 
seen in the chertihed ooze of this rock, bands of which are inter- 
stratified with the layers of glauconite. The latter contain 
casts of foraminifera, the genera of which are comparable with 
those occurring in the Gin Gin Chalk of Western Australia. 

The gritty green and brown sandstone of Spinifex Well, 
Kumarina Copper Mine, may be regarded as similar in age, 
since, besides coccoliths, it contains abundant glauconite casts 
occasionally recognizable as genera of foraminifera met with in 
mesozoic faunas. The presence of radiolaria in the finer struc¬ 
tures of the rock links them, in generic character, with the sili¬ 
ceous chalk of Fanny Bay, Port Darwin. 

Note, —Included in the present collection is a crystalline 
limestone, of a purplish brown colour, with occasional greenish 
streaks containing disseminated grains of glauconite. An 
examination of this rock, which occurs at Lake Carnegie 
(Wongawall), Western Australia, shows many characters dis¬ 
tinct from the rocks dealt with in the foregoing notes, and by 
the presence of a fossil form, resembling an ? edrioasterid, this 
limestone may eventually turn out to be of Lower Palaeozoic 
age. According to Talbot (1920, p. 61) this limestone underlies 
the surface flaggy and siliceous rocks of the district. 


Explanation of Plate IV. 

Fig. 1.—Section of glauconite chert, showing casts of foraminifera sur¬ 
rounded by silicified coccolitic ooze. Davis River, W.A. X28. 

Fig. 2.—Section of ditto, more highly magnified, showing coccoliths, X184. 

Fig. 2 a.—E nlarged drawing of coccoliths. Circ. 360 diam. 

Fig. 3.—Silicified crinoid ossicle in thin section. Glauconite Sandstone 
Spinifex Well, Collier Range, W.A. X28. 

Fig. 4—Stretched glauconite cast in sandstone. Spinifex Well, W.A. 
X28. 

Fig. 5.—Oolitic grain (silicified) in glauconitic sandstone. Spinifex 
Well, W.A. X28. 

Fig. 6.—Glauconite casts of cf. rotaline foraminifera (marked G) in 
sandstone. Spinifex Well, W.A. X28. 

Fig. 7.—Fine siliceous radiolarian ooze between mineral grains. Spinifex 
Well, W.A. A spumellarian form indicated at A. X184. 
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Art. VII.— New and Rare Tertiary Mollusc a from Deep 
Borings in Gippsland > Victoria. 

By FREDERICK CHAPMAN, A.L.S., F.G.S. 

(Palaeontologist to the Commonwealth Government), 

and IRENE CRESPIN. B.A. 

(Assistant Palaeontologist). 

(With Plate V.) 

[Read 13th July, 1933; issued separately 22nd December, 1933.] 

In the course of investigations by this department into the 
faunas of various borings put down in East Gippsland in the 
search for oil, many rare and undescrihed molluscan forms have 
been met with. The paper deals with fossils from the Kalimnan 
Series of the bores in East Gippsland, and includes eight new 
species and one new variety, and two species ( Cuna particula and 
Etrema allitcrata). which up to the present had been found 
only living. 

The forms described are:— 

Pelecypoda : 

Cuna particula Hedley. 

Vcnericardia depressulata, sp. nov. 

Vcnericardia gippslan die a, sp. nov. 

Vcnericardia spimtlosa (Tate) var. dennanii , nov. 

Gasteropoda : 

Cerithiopsis tmolnoughi , sp. nov. 

Trophon ( Enatimcne ) metungensis, sp. nov. 

Typhis (Cyphonochelus) rugicostatus, sp. nov. 

Pcrsonella clarki, sp. nov. 

Marginella kalimnac , sp. nov. 

Daphnella granulosa, sp. nov. 

Etrema allitcrata (Hedley). 


Class PELECYPODA. 

Fam. CRASSATELLITIDAE. 

Genus Cuna Hedley. 

Cuna particula Hedley. 

(PI. V., Figs. 1, 2.) 

Cuna particula, Hedley 1902, p. 316, fig. 56. 

Observations.—The fossil specimens agree in all details of 
shape and sculpture with the living form. C. particula is 
recorded as abundant in 63-75 fathoms off Port Kembla, and 
in 41-50 fathoms off Cape Three Points, New South Wales. 

Dimensions.—Length of shell, 2.23 mm. 
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Occurrence.—Plesiotype, No. 1 Bore, Parish of Bumberrah 
(Metung), Gippsland, Victoria, at 180-200 feet. (Common¬ 
wealth Coll. No. 50.) 

Age.—Lower Pliocene. (Kalitunan.) 

Fam. CARDITIDAE. 

Genus Venericardia Lamarck. 

Venericardia depressulata, sp. nov. 

(PL V., Fig. 3.) 

Description of Holotype (Left valve).—Shell subquadrate; 
narrower anteriorly, broadly curved at the posterior border; 
ventral edge convex, slightly truncate towards anterior, and 
gently incurved towards the umbo. Umbo moderately sharp, 
not prominent; costae 23 narrow, with slightly wider inter¬ 
spaces. Surface of costae ornamented with numerous lamellar 
processes, somewhat spiuose on posterior border. Fine con¬ 
centric growth-lines passing on from costae to interspaces. 
Ligamental area somewhat narrow and delicate. Inner margin 
of valve crenulated. 

Dimensions of Holotype.—Length, 11 mm.; height, 9 mm.; 
thickness, 2.75 mm. 

Observations.—The general form of this species resembles 
Venericardia latissima (Tate), but is not so quadrate, and 
generally more depressed. In V. latissima the ribs number 30 
as against 23 in V. depressulata; both are ornamented with 
lamellar scales. 

Occurrence.—Holotype, Steam Drill, Parish of Coongul- 
merang, East Gippsland, Victoria, at 300-334 feet (Common¬ 
wealth Coll. No. 51) ; also Rose Hill, East Gippsland (Dennant 
Collection, National Museum. Melbourne). 

Age.—Lower Pliocene. (Kalimnan.) 

Venericardia gippslandica, sp. nov. 

(PI. V., Fig. 4.) 

Description of Holotype.—Shell, left valve of moderate size 
and roundly ovate. Umbo sub-central, more or less projecting. 
Ventral margin well rounded. Twenty rounded, radiating 
ribs, with slightly wider interspaces. Ribs are beaded in the 
earlier half of the shell, becoming platy in later stages. Inter¬ 
spaces occupied with closely set undulate lamellae, which to 
some extent pass over on to the ribs. Internal margin of 
valve distinctly crenulate. 

Dimensions of Holotype.—Length of valve, 16 mm.; greatest 
height, 15.5 mm.; greatest thickness of valve, 5 mm. 
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Observations.—In the Tate Collection, Adelaide University 
Museum, there is a tablet upon which five specimens of a small 
Vencricardia are mounted, together with three others of the 
same genus but of a different species. These smaller forms 
at the base of the tablet are comparable with the above new 
species from Gippsland. The label written by Tate on this 
tablet is “ Cardita spinulosa var.?, Meringa Creek, Gippsland.” 
These specimens from the Tate Collection are smaller than our 
type, but the number and character of the costae and the 
shell in outline are similar. The largest of these specimens 
has a length of 10.5 mm., and height of 8 mm. V. gippslandica 
is much more abundant in the Kalimnan of Gippsland than 
V. spinulosa . In comparing V . gippslandica with V. spinulosa , 
the former is more suborbicular in outline and the ribs are 
beaded to platy, but never spinulose as in V. spinulosa. With 
regard to the umbones there is a marked difference in the two 
forms, that of V. spinulosa being very strong and incurved at 
the apex, whilst in V. gippslandica it is not so prominent, and 
is subcentral and without the conspicuous curvation of 
V. spinulosa. V. trigonalis (Tate), from Gippsland Lakes and 
younger beds of Muddy Creek (Dennant Coll.), is similar to 
V. gippslandica in the beaded character of the ribs, but differs 
in the few costae and in the distinctly trigonal outline of the 
shell. A comparison with the Lower Miocene form 
V. maudensis (Pritchard) shows the ribs of this species to be 
more uniformly beaded and with the umbo directed more 
strongly forward. The number of the ribs is the same. 

Occurrence.—Holotvpe, Prince’s Highway, E. of Bunga, 
Lakes Entrance, East Gippsland, Victoria (Commonwealth 
Coll. No. 52) ; also in No. 1 Bore, Parish of Bumberrah from 
90-190 feet; No. 3 Bore, P. of Darriman, from 66-76 feet; 
No. 1 Government Bore at 90 feet and Kalimna Oil Co. No. 1 
Bore, Rigby Island from 50-70 feet, both in the P. of Colqu- 
houn; also Tram Track, Mississippi Creek. Lakes Entrance; 
Prince’s Highway, E. of Runga (Commonwealth Coll.) ; 
Gippsland Lakes and Rose Hill (Dennant Coll. National 
Museum, Melbourne). 

Age.—Lower Pliocene. (Kalimnan.) 

Venericardia spinulosa (Tate) var. dennanti nov. 

(PL V., Figs. 5, 6.) 

Description of Holotvpe of var.—This variant of Vencri¬ 
cardia spinulosa may be generally distinguished by the gradual 
loss of the spinulose character on the costae in the ephebic 
stage, and the tendency of this character to become platy and 
finally pass into undulatory growth lines as it nears the ventral 
border. The outline, compared with the typical V. spinulosa,. 
is much more elongate, and in the gerontic. stage becomes, 
heavier. 
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Dimensions of Holotype of var.—Length of shell, 32 mm.; 
greatest height, 28 mm.; thickness of valve, 10 mm. 

Observations.—In the notes on Venericardia gippslandica, 
sp. nov., it was stated that in the Tate Collection, Adelaide 
University, there is a tablet labelled “ Cardita spinulosa var.?, 
Meringa Creek, Gippsland*” which contains three large speci¬ 
mens-of Venericardia as well as five small ones. The upper¬ 
most of the larger forms seems to be comparable with our 
present Venericardia spinulosa var. dennanti. 

Occurrence.—Holotype of var.. Old Bunga-road, East of No. 

1 Bore, Lakes Entrance, East Gippsland, Victoria (Common¬ 
wealth Coll. No. 53) ; paratype, Meringa Creek, Gippsland 
(Tate Coll., Adelaide University ) ; also Kalinina Oil Co. No. 1 
Bore, Rigby Island, Lakes Entrance at 70 feet (Commonwealth 
Coll.) ; Rose Hill, and Gippsland Lakes (Dennant Coll. National 
Museum, Melbourne). 

Age.—Lower Pliocene. (Kalimnan.) 

Class GASTEROPODA. 

Earn. CERITHIIDAE. 

Genus Cerithiopsis Forbes and Hanley. 

Cerithiopsis woolnoughi, sp. nov. 

(PI. V. t Figs. 7, 8.) 

Description of Holotype.—Shell, long, turreted. Nine 
whorls, surmounted by protoconch of two smooth turns and 
forming a small mamilla. A varix present near mouth of last 
whorl. The first four of the posterior whorls, which are more 
or less angulate, are ornamented with two distinct lirae, which 
increase rapidly, there being as many as seven on body whorl. 
These lirae are crossed by equally distinct vertical riblets giving 
a clathrate appearance in early part of shell, becoming nodulose 
in latter part. The later whorls become increasingly inflated. 
Suture line deeply impressed, base of body wdiorl relieved by 
fine spiral threads. Aperture subquadrate, slightly canaliculate 
anteriorly. 

Dimensions of Holotype.—Length of shell, 5.3 mm.; width 
of body whorl, 1.88 mm. 

Description of Paratype.—The shell is identical with the 
holotype, except in point of size, it being figured to show’ the 
back of specimen. 

Dimensions of Paratype.—Length of shell, 4.75 mm. 

Observations. — Although Cerithiopsis woolnoughi is a 
common form in the Gippsland borings, it is represented only 
in tbe Dennant Collection, National Museum, Melbourne, from 
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Rose Hill, and is labelled “ ?Centhinm n. sp.” So far as we 
have observed, there is no living species exactly comparable 
with it. We have named the species in honour of Dr. W. G. 
Woolnough, Geological Adviser to the Commonwealth. 

Occurrence.—Holo type and Paratype, Fernbank Water 
Bore, East Gippsland, Victoria, at 270 feet (Commonwealth 
Coll. Nos. 54 and 55) ; also in the East Gippsland Bores, No. 1 
Bore, Parish of Moormurng, at 389, 438, and 450 feet; No. 1 
Bore, P. of Coongulmerang, at 240, 260, 270, and 280 feet; 
No. 1 Bore, P. of Bengworden, at 480 and 540 feet; in No. 7 
Bore, P. of Glencoe at 160-170 feet (Commonwealth Coll.) ; 
and at Rose Hill, Gippsland (Dennant Coll. National Museum, 
Melbourne.) 

Age.—Lower Pliocene. (Kalimnan.) 


Fain. CYMATIIDAE. 

Genus Personella Conrad. 

Personella clarki, sp. nov. 

(PI. V., Fig. 11.) 

Description of Holotype.—Shell small, with spire and body 
whorl of nearly equal length; consisting of eight and a half 
whorls, two and a half being represented by the protoconch; 
apex acute. Whorls inflated, subangulate or shouldered. In 
the whorls preceding the body whorl, the shoulders are orna¬ 
mented with two prominent spirals, with the exception of the 
first whorl in the neanic stage, which has only one spiral. 
Five lirae on body whorl with generally t.wo or three spiral 
striations between each. The costate ornament consists of 
some more or less feeble riblets, and these are crossed by the 
spirals; between the riblets the surface is crossed by the thread¬ 
like vertical striae. Varices two to each whorl. Surface of 
protoconch is smooth and more or less inflated. Aperture 
roundly ovate, the lip margined by a varix; inner lip callused, 
narrow, and with a sharp margin. Inner surface of outer lip 
slightly toothed, canal short and somewhat open; slightly 
twisted and reverted. 

Description of Paratype.—This specimen, from the Kalinina 
Oil Company’s Bore at Rigby Island, is damaged in the body 
whorl, but otherwise bears all the characters of the type, with 
the exception that the protoconch of the paratype is not quite 
so high as that of the holotype, and has two instead of two and 
a half turns. 

Dimensions of Holotype.—Length of shell, 21 mm.; greatest 
width of body whorl, 11 mm.; height of protoconch, 0.8 mm.; 
length of aperture and canal, 10 mm. 
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Dimensions of Paratype.—Length of shell, 14 mm.; height 
of protoconch, 0.59 mm. 

Observations.—The nearest related fossil species is Personella 
oligostiram (Tate), which occurs in the Oligocene of the Lower 
Aldinga Beds. P. oligostirnm is a narrow shell, and the 
riblets are more or less nodulose, especially on the body whorl. 
In the stoutness and width of shell P. clarki approaches the 
living P. verrucosa (Reeve), but with the difference that the 
latter has more nodulose riblets. The above trivial name was 
suggested by Mr. J. Dennant in manuscript for this species in 
honour of his fellow-worker, Mr. Donald Clark. 

Occurrence.—Holotype, Gippsland Lakes, Victoria (Dennant 
Coll. National Museum, Melbourne, No. 13758) ; paratype, 
Kalimna Oil Co. No. 1 Bore, Rigby Island, Lakes Entrance, 
Victoria, at 30-50 feet (Commonwealth Coll., No. 56). 

Age.—Lower Pliocene. (Kalimnan.) 

Fam. MURICIDAE. 

Genus Trophon. 

Subgenus Enatimene Iredale. 

Trophon (Enatimene) metungensis, sp. nov. 

(PI- V„ Fig. 9.) 

Description of Holotype.—Shell small, fusiform, somewhat 
elongated. Protoconch shows two smooth and rather inflated 
whorls, followed by three rounded, slightly shouldered whorls 
of the spire; the more inflated body whorl has a. moderately 
long canal. Sutures distinct. Seven rounded costae on each 
whorl; whole of shell surface relieved with fine vertical striae. 
Lirae crossing the costae in form of strong spiral threads; 
four on penultimate and nine on body whorl, where, towards 
the canal, they break up into granules. Mouth ovate, outer lip 
expanded, constricted anteriorly; inner lip with thin flange. 
Inner surface of mouth aperture with an enamel surface. 

Dimensions of Holotype.—Length of shell, 14 mm.; greatest 
width of body whorl, 6.5 mm.; length of mouth, 4.2 mm.; 
length of canal, 4.5 mm. 

Description of Paratype.—The specimen labelled “ Mure. r sp.” 
in the Dennant Collection agrees in all characters with the 
holotype. 

Observations.—This subgenus (Enatimene) of Trophon is 
represented in the living fauna by Enatimene simplex (Hedley). 
This name has lately been proposed by Iredale (1929, p. 185), 
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who describes the genotype Trophon simplex as follows:— 
“ Small apex, medium spire, delicate shape, long recurved canal, 
and free mouth, making it a striking form, the sculpture being 
an obsolete datamation.’’ 

Occurrence.—Holotype, No. 1 Bore, Parish of Bumberrah, 
East Gippsland, Victoria, from 90 to 100 feet (Commonwealth 
Coll. No. 57) ; paratype, Gippsland Lakes (Dennant Coll. 
National Museum, Melbourne, No. 13759) ; also Fernbank 
Water Bore, E. Gippsland, Victoria, at 337-395 feet (Common¬ 
wealth Coll.). 

Age.—Lower Pliocene. (Kalimnan.) 


Genus Typhis Mont fort. 

Subgenus Cyphonochelus Jousseaume. 

Typhis (Cyphonochelus) rugicostatus, sp. nov: 

(PI. V., Fig. 10.) 

Description of Holotype.—Shell fusiform, six moderately 
inflated whorls, surmounted by a protoconch of one and a half 
smooth turns, the tip being bulbous. Whorls immediately 
below protoconch are slightly shouldered, sutures well marked. 
Body whorl moderately convex, having four rounded and costate 
varices; behind each varix is a conspicuous tubular spine, 
turned slightly backward and upward. The turns above the 
body whorl bear the same tubular spinose processes, but diminish 
in strength towards apex. Aperture ovate, with a sharp salient 
inner margin carrying a, strong fold, tending to become tubular. 
Fine growth striae between costae. 

Dimensions of Holotype.—Length of shell, 15.75 mm.; 
width of body whorl, 8.5 mm.; length of aperture, 4 mm.; 
width of aperture, 3 mm. 

Observations.—This form, Typhis ( Cyphonochelus) rugi¬ 
costatus , appears to be very closely related to the living species 
T. syringianns Hedley recorded from Victoria, Tasmania, and 
South Australia. The fossil species differs chiefly in the 
form of the protoconch, which is much smaller than that in 
the living species. It is also more acuminate and salient. 
'Tate’s species T. cvaricosus , from the Lower Miocene of Muddy 
Creek, shows some ancestral relationship but has a longer shell, 
slenderer tubular spines and less conspicuous costae, whilst the 
character of the protoconch points to an affinity with the living 
species. Numerous specimens of T. (C.) rugicostatus from 
the Gippsland Lakes are in the Dennant Collection, and are 
labelled “ Typhis sp. nov.” 
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Occurrence.—Holotype, No. 1 Bore, Parish of Bumberrah, 
East Gippsland, Victoria, from 90-100 feet (Commonwealth 
Coll. No. 58); Gippsland Lakes (Dennant Coll. National 
Museum, Melbourne). 

Age.—Lower Pliocene. (Kalimnan.) 

Fam. MARGINELLIDAE. 

Genus Marginella Lamarck. 

Marginella kalimnae, sp. 110V. 

(PI. V., Fig. 12.) 

Description of Holotype.—Shell volutiform, large for the 
genus, elongately ovate; spire long, whorls five. Body whorl 
one and a half times length of spire, moderately inflated; inner 
lip with four plaits, outer lip finely denticulated internally, 
externally with a thickened margin. Surface of shell polished. 

Dimensions of Holotype.—Length, 13 mm.; greatest width of 
body whorl, 6.25 mm. 

Observations.—This species bears the characters of M. mas- 
carioides, but is generally much larger, and differs in the 
thickened margin of the outer lip not being produced into a 
flange-like extension as in the latter species. 

Occurrence.—Holotype, No. 1 Bore, Parish of Bumberrah 
(Metung), East Gippsland, Victoria, at 80-90 feet (Com¬ 
monwealth Coll. No. 59) ; also Prince’s Highway, East of 
Bunga; Meringa Creek and Kalimna Oil Co. No. 1 Bore, 
Rigby Island, Lakes Entrance at 30-50 feet (Commonwealth 
Coll.) ; Jemmy’s Point, Gippsland Lakes ( Dennant Coll. 
National Museum, Melbourne). 

Age.—Lower Pliocene. (Kalimnan.) 

Fam. TURRIDAE. 

Genus Daphnella Hinds. 

Daphnella granulosa, sp. nov. 

(PL V., Fig. 13.) 

Description of Holotype. — Shell small, ovate, with six 
graduated whorls, including the protoconch, contracted at the 
suture, subangular at the shoulder, rounded at the periphery 
and hollowed at the base. Surface reticulated by elevated 
granulated spirals and radials. The radials number 28 on 
last whorl and on the antepenultimate about 18. On the last 
whorl there are about ten spirals, not counting the thin inter¬ 
stitial threads; on the penultimate there are four, and on earlier 
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whorls three. The protoconch consists of two rounded whorls, 
apparently smooth, but showing very fine reticulation under 
high magnification. Sinus band bears a series of granules. 
Aperture simple, outer lip thin, sinus wide and shallow, canal 
short, with blunt margin; inner lip narrow and smooth. 

Description of Paratype.—This shell is similar in all respects 
to the holotype. 

Dimensions of Holotype.—Length of shell, 6.4 mm.; height 
of protoconch, 0.23 mm.; width of shell, 2.5 mm.; length of 
aperture, 3.2 mm. 

Dimensions of Paratype.—Length of shell, 4.3 mm.; height 
of protoconch, 0.23 mm.; width of shell, 2 mm.; length of aper¬ 
ture, 2.1 mm. 

Observations. — Comparing the recent species Daphnella 
granata Hedley (Hedley 1922, p. 328, pi. 53, fig. 162), from 
Queensland, it is seen that D. granulosa has fewer ribs and 
coarser and more bead-like granules together with a slightly 
higher protoconch; whilst D. aulacocssa Watson (Watson, 188b, 
p. 367, pi. 23, fig. 9), from Queensland, has a much slenderer 
shell, with a fine granulate ornament. 

Occurrence.—Holotype, Gippsland Lakes, Victoria (Dennant 
Coll. National Museum, Melbourne, No. 13760) ; paratype, 
Kalimna Oil Co. No. 1 Bore, Rigby Island, Lakes Entrance, 
Victoria, at 50 feet (Commonwealth Coll. No. 60) ; also Rose 
Hill, East Gippsland, Victoria (Dennant Coll.), and No. 1 
Bore, P. of Bumberrah, East Gippsland, Victoria, at 90-100 feet 
( Commonwealth Coll.) 

Age.—Lower Pliocene. (Kalimnan.) 


Genus Etrema (Hedley). 

Etrema alliterata (Hedley). 

(LI. V., Fig. 14.) 

Glyphostoma allitcratum, Hedley, 1915, p. 728, pi. 82, figs. 56, 57. 

Etrema allitcratum (Hedley), 1922, p. 274. 

Observations.—The recent species to which we refer our 
fossil has been fully described by Hedley (1915), and the 
localities are Wreck Bay, Sydney Harbour, and Dudley, N.S.W. 
It is of interest to find this species occurring for the first time 
as a fossil in the Kalimnan beds of the Stradbroke Bore. The 
fossil appears to be identical with the recent specimens in all 
particulars, with perhaps the slight difference of a more inflated 
protoconch. 


Tertiary Mollusc a from Gippsland. 


75 


Dimensions.—Length of shell, 5.1 mm. This shows the 
fossil to be slightly smaller than the living specimens, which 
measured in length 6.3 mm. and 7.5 mm. respectively. 

Occurrence.—No. 16 Bore, Parish of Stradbroke, Gippsland,. 
Victoria, at 200 feet (Commonwealth Coll. No. 61). 

Age.—Lower Pliocene. (Kalimnan.) 
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Explanation of Plate V. 

Fig. 1 .—Cuna particula Hedley. Right valve, exterior. No. 1 Bore,. 
P. of Bumberrah, Gippsland, Victoria, 180-200 feet. Kalimnan. 
Plesiotype. X circ. 6. 

Fig. 2.— C. particula Hedley. Right valve, interior. X circ. 6. 

Fig. 3 .—Venericardia depressulata, sp. nov. Left valve. Steam Drill,. 
P. of Coongulmerang, Gippsland, Victoria. Kalimnan. Holotype, 
X circ. IT 

Fig. 4.— V. gippslandica, sp. nov. Left valve. Prince’s Highway, E. of 
Bunga, Lakes Entrance, Gippsland, Victoria. Kalimnan. Holotype. 
X circ. 14. 

Fig. 5.— V. spinnlosa (Tate) var. dennanti nov. Left valve. Old Bunga 
Road E. of No. 1 Bore, Lakes Entrance, Gippsland, Victoria. 
Kalimnan. Holotype. Nat. size. 

Fig. 6.— V. spinnlosa (Tate) var. dennanti nov. Left valve. Meringa 
Creek, Gippsland Lakes, Victoria. (Tate Coll. Adelaide Uni¬ 
versity.) Kalimnan. Paratype. Nat. size. 
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Fig. 7 .—Cerithiopsis woolnoughi, sp. nov. Apertural view. Fernbank 
Water Bore, East Gippsland, Victoria, at 270 feet. Kalimnan, 
Holotype. X circ. 6. 

Fig. 8.— C. woolnoughi, sp. nov. Aboral view. Fernbank Water Bore, 
East Gippsland, Victoria, at 270 feet. Kalimnan. Paratype. 
X circ. 6. 

Fig. 9 .—Trophon (EnaEivenc) metungensis , sp. nov. No. 1 Bore, P. of 
Bumberrah, Gippsland, Victoria, 90-100 feet. Kalimnan. Holo¬ 
type. X circ. 2. 

Fig. 10 .—Typhis ( Cyphanochelus) rugicostatus, sp. nov. No. 1 Bore, 
P. of Bumberrah, Gippsland, Victoria, 90-100 feet. Kalimnan. 
Holotype. X circ. Is. 

Fig. 11 .—Person cl la clarki, sp. nov. Gippsland Lakes, Victoria. Kalimnan. 
Holotype. Nat. size. 

Fig. 12 .—Marginella kalimnae, sp. nov. No. 1 Bore, P. of Bumberrah, 
Gippsland, Victoria, 80-90 feet. Kalimnan. Holotype. X circ. H. 

Fig. 13 .—Daphnella granulosa , sp. nov. Gippsland Lakes, Victoria. 
Kalimnan. Holotype- X circ. 7\. 

Fig. 14 .—-Etrcma aUifcrata (Hedley). No. 16 Bore, P. of Stradbroke, 
Gippsland, Victoria, at 200 feet. Kalimnan. Plesiotype. X circ. 7. 
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Part I. 

I. Introduction. 

The significance of the Isograptus caducous group of grapto- 
lites in Victoria is indicated. 

II. Synonymy. 

Salter’s trivial name caducous is preferred to Nicholson’s later 
emendation gibberulus. 

III. Characters of Isograptus caduceus—Isograptidae. 

The characters which justify the creation of the genus 
Isograptus are discussed, and it is suggested that a whole group 
of allied forms, including Oncograptus , Cardiograptus, and 
Maeandrograptus, might be included with it in a new family— 
Isograptidae. Owing to lack of material showing detail, Bulmati’s 
account of the development of /. caduceus is transcribed. 


IV. Ancestry of Isograptus caduceus. 

It is considered that the evidence is insufficient to enable 
Isograptus caduceus to be traced back to any known Totragraptus. 
Didymograptid forms superficially resembling it occur in the 
Lower Bendigonian, but at present there is a considerable gap 
between these beds and the first appearance of Isograptus 
caduceus. 

V. Table showing Hypothetical Development of Isograptus and 

Allied Forms. 


VI. Isograptus caduceus and its Varieties. 

It is considered that there is stratigraphical and biological im¬ 
portance in the progressive changes undergone by Isograptus 
caducens and its varieties. 


VII. Stratigraphical. 

These changes are described in so far as they represent 
development through the stratigraphical series from Lower 
Castlemainian to Upper Ordovician. 

VIII. Other Varietal Forms. 

Varieties not in the line of direct stratigraphical development 
are discussed. These include such varieties as may be held to 
represent catagenesis and forms such as Oncograptus and 
Cardiograptus, which are regarded as a continuation of the 
anagenetic series. 

IX. The Manubriate- Series. 

Several forms previously included in Didymograptus caduceus 
var. manubriatus, T. S. Hall var., are discussed. It is considered 
that they differ in important characters from each other and from 
the parent species, and may best be regarded as separate species. 
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X. ISOGRAPTUS FORCIPIFORMIS AND SKIAGRAPTUS GNOMONICUS. 

The importance of Isograptus forcipiformis as illustrating the 
tendency towards concrescence, and hence towards a diplograptid 
manner of growth, is indicated. Reasons are given for thinking 
that Diplograptus gnomonicus H. and K. is derived from it. In 
view of this it is thought misleading to leave this latter species 
among the Diplograpti, and a new genus, Skiagraptus, which 
may be included in the Isograptidae, is erected for it. It there¬ 
fore becomes Skiagraptus gnomonicus (H. and K.). 

XI. Oncograptus and Cardiograptus, 

These two genera are regarded as other results of the ten¬ 
dency towards concrescence, and are regarded as distinct genera 
of the family Isograptidae. Oncograptus biangulatus H. and K, is 
regarded as only a variety of Oncograptus upsilon T. S. Hall. 

XII. Development of Oncograptus and Cardiograptus. 

The early stages of these forms are discussed, particularly in 
their relation to the genetic characters of Isograptus. The 
apparent method of growth is described, but no conclusion is 
reached owing to the misleading character of compressed material. 

XV. Maeandrogratus spp. 

It is held that certain forms described show a trend towards 
Macandrograptus Moberg, and though not typical species of that 
genus, they are provisionally included in it. 

XVI. Other Species. 

Reference is made to two species of reflexed Didymograpti 
from a much lower horizon. There is no evidence to connect 
them with Isograptus caducous, and as they seem to be typical 
Didymograpti they are left in this latter genus. 

XVII. Correlation and Zonal Range of the Isograptidae. 

A comparison is made between Bulman’s record of Llanvirnian 
graptolites from South America and forms occurring in the Vic¬ 
torian Darriwilian, and it is suggested that the Upper Darriwilian 
may be correlated with the Llanvirnian. The lower limit of 
the range of the Isograptidae in Victoria is provisionally placed 
as the zone of Didymograptus cxtensus (Zone 4, Arenigian). It 
is also suggested that the dependent or tuning-fork Didymo¬ 
grapti are of limited development and abnormal range in Vic¬ 
toria, and therefore should be regarded as of little value in 
correlation of zones with those of distant parts of the world. 

XVIII. Acknowledgments. 

Part II. 

Description of Species. 

Bibliography. 


I. Introduction. 

The evolution of the graptoloidea has been worked out in 
considerable detail in Britain and North America by G. L. 
Elies(6) and R. Ruedemann (20, 21) respectively, tabular 
diagrams being given which indicate hypothetical lines of descent. 
Much detailed work has still to he done in Australia and New 
Zealand before similar comprehensive schemes can be attempted 
here. The present paper is intended as an essay of much more 
restricted scope, devoted to one small part of the subject. It 
may be suggested, however, that study of etched specimens on 
the lines laid down by Holm and followed so successfully since. 
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especially by Bulman(3), will revolutionize our ideas.of structure 
and therefore of phylogeny. There will always be the handicap 
that this scientific method is applicable only to material preserved 
in a peculiar, and in most parts of the world, very exceptional 
way. 

When a comparison is made between the graptolites of the 
northern hemisphere and those of Australia and New Zealand, 
certain resemblances and contrasts stand out clearly—for 
example, the rarity in one hemisphere of forms common in the 
other, and the development in one region of a particular group 
and its insignificance elsewhere. Many such cases could be 
given, e.g., the rise and decline in Victoria of Tetragraptns 
fruticosus , apparently not a common species in Great Britain(7), 
but in Victoria and New Zealand characteristic of a whole series 
of beds; the deployment of tuning-fork or dependent Didymo- 
grapti in Britain and in America, both North and South, and 
their monotony in Victoria, where only two clearly distinct 
species are at all common, and then only with a restricted and 
(compared with other countries) apparently anomalous range. 
The list could be added to, but perhaps no difference is more 
striking than the absence from northern records of any account 
of the series known here as the Darriwilian, and forming under 
the present classification the upper part of the Victorian Lower 
Ordovician. In keeping with this, and leading to it, is the 
development of Isograptus caduceus and its allies, the most 
easily followed of graptolite phylogenetic series and the one most 
reminiscent of better-known palaeontological phytogenies. 

II. Synonymy. 

The synonymy of Didymograptus caduceus has been a vexed 
question since Nicholson described as Didymograptus gibberulus 
forms which seem, beyond doubt, to have been included in 
Salter’s original species, in fact the only Didymograptus Salter 
had in view when founding his species (22). 

The species has been described as Didymograptus caduceus 
by McCoy(17) and T. S. Hall (9, 10) in Victoria, D. gibberulus 
(Isograptus gibberulus) by Elies and Wood(7), D. (I.) 
caduceus by Ruedemann(20), and lastly (as far as my records 
go) as I. gibberulus (Nicholson) by Bulman(S), who, however, 
if I read his note rightly, half apologizes for using Nicholson’s 
specific name. 

Those who wish to pursue the question of synonymy further 
are referred to the papers cited by the above authors, especially 
to the page of citations given by Bulman(3), but since the adop¬ 
tion of any other name but caduceus seems merely to be on the 
grounds of expediency I have decided after long consideration, 
and with the support of the opinions of Messrs. F. Chapman 
and R. A. Keble, to retain Salter’s term caduceus. 


82 


W. J . Harris: 


Figures are given of the two forms named Didymograptus 
-caduceus, Figs. 62, 63, by Salter(22), in 1853. They will give 
some idea of what Salter had in mind, but owing to the different 
method of reproduction they should not be considered without 
comparison with Salter’s original figures. In conclusion, it may 
be added that Nicholson’s dictum that the supposed Tetragraptus 
is narrowest over the proximal region where the Didymograptus 
is widest does not necessarily apply. 


III. Characters of Isograptus caduceus— 
Isograptidae. 

Nicholson and Marr(18) concluded that the character of the 
thecae is the most important point to retain in separating families, 
and that the next most important point in indicating genetic 
relationship is the angle of divergence of the stipes, while the 
number of stipes on which the classification of the graptolites at 
that time largely depended—as it still does to some extent—is 
relatively unimportant. 

Elies(5), after comparison of thecal characters, number of 
thecae in a given length, their inclination, apertural angle, and 
overlap, confirmed Nicholson and Marffs opinion, and concluded 
that these resemblances are of genetic origin, and therefore of 
systematic value. These criteria are now generally accepted, but 
the classification of the graptolites conforms only roughly to 
them, and it seems hardly open to doubt that many present-day 
genera include forms with distinct ancestry, while separate 
genera have been erected for closely related species. This is 
particularly the case where vital generic characters are hard to 
distinguish, as in the group discussed in the present paper. 
Moreover, the basis for classification is only generally applicable; 
if not used with discretion and the realization that one is dealing 
with living, and, therefore mutable organisms, it breaks down 
completely. Elies herself, for example(6), devotes many pages 
to indicating the progression of thecal types in the same genus; 
the number of thecae per centimetre in Isograptus caduceus 
varies from 7 to 12, according to the variety, the apertural angle 
changes, as does also the amount of overlap. If, however, 
the characters discussed are regarded as subject to evolutionary 
change in recognizable directions, they afford great help in 
classification. 

I lie interpretation of the development of the rhabdosome of 
Isograptus caduceus is one of great difficulty in the absence of 
uncompressed material. However, there seems no need to deal 
with the matter exhaustively here, as workers on the other side 
of the world have access to material showing details hidden from 
us. Reference is therefore made to Rulman’s conclusive 
paper(3), and to complete the present description of the form 
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the following account of the initial stages of Isograptus is 
abridged from that paper: “ The sicula is very long and narrow, 
averaging about 5 mm. in length, . . . The first theca 

(th 1 1 ) arises remarkably high up on the sicula, with which its 
dimensions are almost identical. . . . The crossing canal 

leading to til V passes very obliquely across the sicula and the 
theca to which it gives rise grows in contact with the sicula 
throughout its length. At an early stage it in turn gives off 
another crossing canal leading to th 2 1 which passes over th l 1 
at a more obtuse angle and then grows downward in contact 
with that theca. Subsequent development is of the normal 
didymograptid type, the second stipe developing- from th 1- 
and the first stipe from th 2V’ (See Fig. 1,) 



Fig. 1. Isograptus gibberulus (Nicholson). 

Generalized figures (xlO approx.) showing the structure of the proximal end 
in reverse (a) and obverse ( b) aspect. 

(From Bulman Fig. 1 p. 24 Arkiv f Zool. Bd. 24a, 9.) 

This account, and Bui man’s figures, seem decisive on the 
question whether the initial V of the rhabdosome consists of th l 1 
and l 2 or of the sicula and th 1\ the latter being Bulman s inter¬ 
pretation, as first suggested by Tornquist(23) and Elies (4). 
Ruedemann’s text figure (20, p. 695, fig. 89) would seem there¬ 
fore to give a wrong impression, the sicula shown in the figure 
being probably a misinterpretation caused by thickening due 
to the crossing canal. I have noted similar appearances in my 
own specimens, and while some seem to show the long sicula as 
figured by Bulman, other certainly give the appearance shown in 
Ruedemann’s figure. 
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While Bulman therefore, working- on material prepared by 
Holm, has been able to show clearly the initial stages of 
Isograptus caduceus, confirming almost beyond doubt its devia¬ 
tion from the normal didymograptid type of development, his 
work, so successful in its immediate object, introduces the 
difficulty that certain reference of any form to the genus founded 
on these characters— Isograptus —will be possible only with 
exquisitely preserved material. Twenty years of close study of 
thousands of compressed but otherwise well-preserved specimens 
have not enabled me to verify Elles’s and Bulman’s conclusions 
from my own observations. Even now, with Bulman’s figures 
as a guide, it is impossible to find any specimen which when 
figured will show clearly the initial stages of thecal budding. 
In fact, I know of only one Victorian locality where further 
search for uncompressed material seems promising—the slate 
quarry on the north bank of the Gisborne Creek in Allot. 43a, 
Bullengarook. Among the fallen blocks at this quarry—now in 
a dangerous state of disrepair—specimens were found in relief, 
showing even growth lines on the more distal thecae. In every 
case, however, the proximal parts were either lacking in relief 
or so crushed that the details could not be made out. Fortune 
may yet favour a worker at this locality. 

If there is difficulty in recognizing the generic characters of 
Isograptus in the case of I. caduceus , the same difficulty is met 
in endeavouring to interpret the early stages of Oncograptus 
and Cardiograptus. Yet they seem beyond reasonable doubt to 
be related to each other and to I. caduceus. Here again the 
fortuitous discovery of well-preserved material must be awaited. 
The problem they present will be touched on later, but on general 
grounds it seems necessary to place them near I. caduceus. In 
certain forms which in the past have been brought under I. 
caduceus as varieties, e.g., var. manubriatus T. S. Hall(12), the 
differences in early stages and thecal type seem to make specific 
separation desirable. 

Bulman (3, p. 26 et seq.) has pointed out the relationship 
between Macandrograptus Moberg and Isograptus. Associated 
with Isograptus caduceus in Victoria are forms which seem to 
connect Macandrograptus even more closely with Isograptus than 
the European material, which has nearer affinities with Diccllo- 
graptus, and the suggestion is made that Maeandrograptus itself 
might best be considered as belonging to the same family as 
Isograptus. This conclusion is drawn from specimens deficient 
in detail, and cannot be put forward dogmatically. Diplograptus 
gnomonicus Harris and Keble, and D id ymo graptus ovatus T. S. 
Hall, are probably also related forms. 

Summing up, it may be said that the present classification 
obscures the relationship of many forms, and unduly emphasizes 
their distinctiveness. I have therefore tried to overcome this 
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difficulty by a procedure which, while not free from objection, 
yet seems to achieve the object aimed at. This consists in 
removing Isograptus and allied forms from the Dichograptidae 
and forming for them a new family—Isograptidae. The differ¬ 
ences between Isograptus and a typical member of the Dicho- 
grapitdae seem to be at least as great as those which separate 
the Leptograptidae from either the Dichograptidae or the 
Dicranograptidae, and the differences are greater if forms such 
as Oncograptus and Cardiograptus are considered. Besides, it 
cannot be contended that the present classification of the Grap- 
tolitoidea is biologically sound—it is based partly on biological 
factors and partly on external appearances. The new family of 
Isograptidae will include no forms other than those which, on 
strong evidence, seem to be genetically related, and is therefore 
a step in the direction of a natural classification of the graptolites. 

The proposed classification is, therefore, as follows:— 

Family Isograptidae, fam. nov. 

Genus Isograptus Moberg. 

Genotype Isograptus caduceus (Salter). 

Species Isograptus caduceus (Salter) and its varieties. 

„ forcipiformis (Ruedemann). 

„ hastatus, sp. nov. 

„ manubriatus (T. S. Hall partim). 

„ dumosus, sp. nov. 

ovatus (T. S. Hall). 

Genus Oncograptus T. S. Hall. 

Genotype Oncograptus upsilon T. S. Hall. 

Species Oncograptus upsilon T. S. Hall, and var. biangulatus Harris 
and Keble. 

Genus Cardiograptus Harris and Keble. 

Genotype Cardiograptus tnorsus Harris and Keble. 

Species Cardiograptus morsus Harris and Keble. 

„ crawfordi Harris. 

Genus Skiagraptus, gen. nov. 

Genotype Diplograptus gnomonicus Harris and Keble. 

Species Skiagraptus gnomonicus (Harris and Keble). 

Genus Maeandrograptus Moberg. 

Genotype M. Schmalenseei Moberg. 

Victorian Species Maeandrograptus aggestus, sp. nov. 

„ tau, sp. nov. 

Unity is given to the whole series by progressive development 
along several lines :— 

(i) The rhabdosome becomes increasingly scandent. 
Typical stages along this line of development are 
shown by Isograptus caduceus , varieties victoriae 
(Figs. 7-10), maxima (Figs. 11, 12), maximo - 
diver gens (Fig. 13), and diver gens (Figs, 14-18). 
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Perhaps parallel to this is the line of Iso gr apt us 
forcipiformis (Figs. 27-29) and Skiagraptus gnomo- 
nicus (Fig. 30). The stages exemplified by these 
forms are shown on a larger scale by Oncograptus 
(Figs. 19-24) and Cardiograptus (Figs. 25, 26). 

(ii) There is progression and then regression in the form 
of thecal aperture. The apertures are, even in early 
forms, soon directed outwards, almost parallel to the 
axis of the rhabdosome. At first, the denticles or 
mucros are almost at right angles to the apertural 
margins (Figs. 3, 4), but later they become re¬ 
curved and directed sicula-wards (Figs. 12-17). 
Still later this curvature diminishes, and a 
stage reminiscent of earlier varieties is reached 
(Figs. 43, 44). In some of the later forms, 
such as I. hastatus (Fig. 36) and I. dumosus 
(Fig. 39) the apertures are directed more upwards 
than outwards, and the thecae show divergence from 
the typical trumpet-shaped tubes of the type. 
Divergence of thecal type is shown even more by M. 
tan (Figs. 47-49) and Maeandrograptus aggestus 
(Fig. 51). On the other hand, forms which cannot on 
present evidence be connected with Isograptus , such 
as Phyllograptus nobilis Harris and Keble(14) show 
the typical I. caduceus thecae. 

(iii) More important is the effect of concrescence. This 
may be regarded as the chief basis of the family. 
Thus in Dichograptns the order of thecal origins 
is— 

.sicula 

I 

theca l 1 

/ \ 

th l 2 th 2 1 

In Isograptus caduceus the order is— 

sicula 

L 

theca l 1 

i 

theca l 2 

/ \ 

th 2 2 th 2 1 

This is the first step in the grouping of thecal origins 
in the region of the sicula which leads to condensation 
of the whole rhabdosome and is in direct opposition 
to what may be called the dichograptid stage, where 
rapid budding produces a diffuse rhabdosome. 
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Although later developments show normal theca-to- 
theca budding, there persists the tendency to group 
thecal origins so that initially biserial stipes arise. 
This, though dichograptid in character, is comparable 
with the result produced by diplograptid develop¬ 
ment* 

IV. Ancestry of Isograptus caduceus. 

•Elies does not include this form among the species in her 
phylogenetic table(6). Ruedemann(20, p. 554)-derives it from 
Staurogmptus dichotomus var. apertus, through Bryograptus and 
Tetragraptus similis. Staurograptus is itself derived from Clono- 
graptus(21 , p. 119). This scheme seems open to objection, for 
though Staurograptus is spoken of as “ a closely related vicarious 
form of Clonograptus tenellus” (21, p. 130), the Clonograptus 
beds are placed above the Staurograptus horizon, a position they 
occupy in Australia. The derivation of Isograptus from Tetra - 
graptus similis (T. bigsbyi) also seems doubtful. This latter 
derivation was strengthened by the confusion which prevailed 
between the two forms before the specific criteria were well 
recognized, but there are important differences between the two 
species in thecal characters and in the initial stages. Deriva¬ 
tion from Tetragraptus scrra (=T. bryonoides) might, perhaps, 
be as plausibly suggested, though as a matter of fact there is little 
resemblance between the earliest Victorian I. caduceus and any 
other form, and in the absence of connecting links, the chain of 
descent is not obvious. The earliest I. caduceus is a small form, 
and the typical horse-shoe rhabdosome has gradually developed. 
Forms with superficial resemblance occur at one locality at least 
on a much lower horizon—at Campbelltown, south-west of 
Castlemaine—with Tetragraptus approximates, and possibly also 
at Romsey, but they have not been found in intervening zones, 
and their relationship to I. caduceus is very doubtful. They are 
described in a later section of this paper. 


V. Table showing Hypothetical Development of 
Isograptus caduceus (Salter) and Allied Forms. 

NOTES ON TABLE. 

1. Stage 1 shows progressive increase in— 

(a) size of rhabdosome, accompanied by more open spacing of 

thecae; 

( b ) angle of divergence; 

(c) downward directing of apertural mucros; 

( d ) completeness of thecal overlap. 

2. Stage 2 shows deployment into allied genera (begun in Cl). Onco- 
graptus upsilon and Cardiograptus morsus are the only forms which do 
not seem distinctly paracmic, and even these are very variable. 
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The stage is marked by— 

(a) tendency towards reduction in size (maximum reached in 

O. upsilon ) with closer thecae; 

( b ) still increasing angle of divergence leading to biserial forms; 

( c ) variation in mucros—pronounced in some forms, absent in other 

species; 

( d ) reduction of thecal overlap in manubriate forms; 

(<?) grouping of thecal origins in sicular region as distinct from 
concrescence, but shown with concrescence in forms like 
Oncograptus and Cardiographis. 

3. Stage 3 marks the extinction of the group except for rare examples. 
Some of the earlier forms persist into Zone Dl, e.g., 1. for dpi for mis, 
Skiagraptus gnomonicus, and even I. caduceus var. divergens. 

4. The evidence is insufficient to place definitely M. aggestus and 
M. tau. M. aggestus is probably closest to I. dumosus, and M. tau to 
I. hast at us. 

5. The catagenetic varieties of I. caduceus, except I. caduceus var. 
divergens, are not shown on the table. They are commonest in Cl and 
D5, and show great variability, making grouping difficult. Practically all 
agree in having distally-narrowing stipes. 


VI. Isograptus caduceus and its Varieties. 

McCoy(17), as mentioned, included all his variations in the 
same species, without even varietal names. He remarks, “ I at 
first conceived the large wide divergent forms distinguishable as 
at least a marked variety from the narrow sub-parallel forms 
first noted by Salter from the Lauzan Precipice, Point Levis, 
Quebec, but the very great number of specimens I have now 
examined convinces me that no concurrence of characters can 
be got to separate specifically the extremes of form here figured 
and described, and that from small specimens, perfectly identical 
with the original type in everything, to the largest forms here 
made known, there is the most gradual and irregular transition 
of characters,” McCoy then did not connect development with 
stratigraphical position, and his opinion of “ irregular transition ” 
may be regarded as hardly accurate. 

T. S. Hall (9) took the first step, pointing out the gradual 
increase in size and numbers of the species throughout the 
Castlemaine series. Later field work has shown that the maxi¬ 
mum development is reached in the highest Castlemainian (Cl) 
and lowest Darriwilian (D5) beds, after which there is a com¬ 
paratively rapid decline both in numbers and character. In 
fact, associated with the acinic, forms in the Cl zone are many 
which already show variation. In the middle and upper Darri¬ 
wilian the specimens diverge further from the Castlemainian 
type, and the species disappears after rare occurrence in the 
lowest beds of the Upper Ordovician. Variation, as distinct 
from development, begins as low as C2, if not lower, but 
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becomes important only in the next higher zone or in beds 
transitional between C2 and Cl. Above the lower Darriwilian 
the typical horseshoe-shaped rhabdosome is rare. 

It is proposed to deal with the various developmental forms of 
Isograptus caduceus under stratigraphical headings, and, as 
already stated, to show by this method that a progressive develop¬ 
ment can be traced till the acmic stage is reached, though forms 
with the characters of lower-zone varieties persist alongside 
others more advanced. This is particularly noticeable in the 
Upper Castlemainian (Cl) (Figs. 55-59). 

VII. Stratigraphical. 

(a) Lower to Middle Castlemainian (C5—C3). 

In the lowest Castlemaine zone (C5—Zone of Didymograptiis 
bifidus ) two varieties may be distinguished, both small. The 
first (Figs. 1, 2) is broad over the sicular region, has few thecae 
—usually two or three in each stipe—and the stipes usually 
narrow rapidly. This form is now distinguished as var. primula. 
The later form which it most closely resembles is the juvenile 
stage of the Victoria Cully (C2) variety (Fig. 60). The second 
variety is a typically horseshoe-shaped rhabdosome with narrow 
stipes showing little variation in width (Figs. 3-6). This variety 
—lunata —ranges as high as C3 and is echoed by a paracmic 
form in Cl (Fig. 57), but var. primula, as far as my observa¬ 
tions go, is confined to the Wattle Gully beds (C5). Even in 
var. lunata the tendency towards increase in the angle of 
divergence of the stipes, afterwards so prominent, is sometimes 
noticeable (Fig. 4). 

(b) Victoria Gully Beds ( C2). 

The typical Victoria Gully form, var. victoriae (Figs. 7-10) 
is easily recognized by its more robust character, its typical horse¬ 
shoe form, and often by a long nema. The V between the 
sicula and th l 1 is usually distinct—it is shown even in C5 
forms—and the stipes narrow only slightly distally. This is 
the form which might best be regarded as Isograptus caduceus , 
forma typica (Fig. 9), but in the progressive series it may be 
distinguished as a variety, though until the Cl horizon is reached 
the so-called varieties are really stages along a line of progressive 
development. 

(c) Upper Castlemainian and Lower Darriwilian (Cl— DA ). 

Transitional beds between the Victoria Gully horizon (C2) 
and that of McKenzie’s Hill (highest Castlemainian) are to be 
found, in which the commonest form is a robust var. victoriae. 
In the C2 and Cl beds Isograptus caduceus comprises the 
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majority of all graptolites present—80 per cent, in C2 according 
to Hall’s estimate(9), and an even greater proportion in Cl. 
The robust var. victoriae passes insensibly into var. maxima 
(Figs. 11, 12). This variety still preserves the typical horse¬ 
shoe-shaped rhabdosome, but by narrowing of the stipes at the 
point of flexure, and increase of the angle of divergence, it 
passes insensibly into var. maximo-divergens (Fig. 13).% These 
two varieties represent the acmic stage of I. caduceus. Specimens 
of var. maxim o-diver gens may be obtained with stipes 5 cm. 
long and 5 mm. wide (Fig. 14). By still greater narrowing 
of the stipes at the angle of flexure and a gradual loss of 
robustness, var. maximo-divergens passes into var. divergens 
(Figs. 14-18), which is commonest in the middle Darriwilian 
(D4—D3). The large forms which bridge the gap between 
var. maxima and var. divergens are stratigraphically and 
biologically important, for it was at this stage that Oncograptus 
developed. 

(d) Middle and Upper Darriwilian (D4—Dl). 

In these beds Isograptiis caduceus becomes rarer as the higher 
zones are reached, though there are isolated high outcrops where 
it is locally abundant. In the Middle Darriwilian var. divergens 
is common, but I. forcipiformis has appeared in force in Cl and 
D5, and predominates along with I. manubriatiis, Oncograptus, 
and Cardiograptus in the higher beds, surviving these last forms 
which disappear in the Middle Darriwilian, except perhaps 
locally. 

( e ) Upper Ordovician. 

Up to the present only two specimens of Isograptiis caduceus 
have been recorded from the Upper Ordovician, both of them 
found by the writer at the same locality—Ba67 (Q.S. 6 S.E.) 
at the junction of Riddell’s and Jackson’s Creeks, where there 
is an extensive exposure of soft, easily split shales, and 
graptolites may be more readily obtained in good order than 
at any other outcrop with which i am acquainted on the same 
horizon—the lowest zone of the Upper Ordovician. The two 
specimens obtained are of the same type—a narrow tenuous 
horseshoe-shaped form somewhat resembling var. lunata of 
the lower Castlemainian zones. The nearest relative to this 
variety is a similar tenuous form found in the Cl beds of 
Limestone* Creek, Yandoit (Figs. 53, 54), and at the Bullen- 
garook Slate Quarry. 

* The record on some copies of Q.S. 15 S.E. showing: Loganograptus and Didymo- 
graptus bifidus from this outcrop is inaccurate. A form, allied to Loganograptus togani 
is not uncommon, but the commonest form is Isograptus caduceus, which from its 
abundance and characters indicates a high Castlemainian horizon, which the held 
evidence supports. This horizon is much above the Didymograptus bifidus beds. More¬ 
over a fairly thorough search has shown no reason for believing that D. bifidus occurs 
here. 
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VIII. Other Varietal Forms. 

As stated, the simple horseshoe-shaped rhabdosome of 
Isograptus cadnceus predominates as high as the Upper Castle- 
mainian. From this horizon there are numerous varieties which 
show that the acmic stage of the parent species has been reached 
and that further development was possible only by radical changes 
leading to new genera or by catagenesis. 

The scandent tendency, which led to the rise of the Diplo- 
graptidae, affected I. cadnceus powerfully, and there is a 
succession of varieties which indicate its effect—varieties 
maxima, maximo-divergens, diver gens, pertensa, and horrida — 
as well as others separated as distinct species— I. forcipiformis, 
hast at us, manitbriaUis, and ovaius —or even distinct genera such 
as Oncograptus and Cardiograplus. 

At the same time there was a tendency to group thecal origins 
in the region of the sicula. This is shown in I. forcipiformis 
and in the two genera just mentioned, possibly also in I. ovatus . 
A third tendency, perhaps a modification of that which led to 
thecal grouping, produced forms with enlarged sicular regions— 
the manubriate group, including Isograptus manubriatus , I. 
hasiatus, and I. dumosus. 

In addition there are the catagenetic varieties. I. cadnceus, 
var. maxima, passes insensibly through var. maximo-divergens 
into var. diver gens. Allied to var. diver gens are several varieties 
probably catagenetic. The most striking of these is var. pertensa 
(Fig. 31), which so far seems to have been collected only from 
the Steiglitz district, where it was found in Darriwilian beds 
by Mr. W. H. Ferguson, the doyen of Victorian graptolite 
collectors. In this variety the stipes are abnormally long. They 
diverge at an angle of 340 deg. and then, without altering 
appreciably in width, run back in straight lines for over 8 cm. 
The sicular region is spinose, and in distal portions of the stipes 
there are only 7 thecae in 10 mm. This is one of the most 
extraordinary varieties of this protean species. 

Thomas has collected from Lancefield a form externally 
resembling var. pertensa, but with much shorter stipes, the 
spinose sicula being its most characteristic feature. This is 
figured as var. horrida (Fig. 32). Whether it should be regarded 
as distinct from another Darriwilian form which, though without 
the marked spine, resembles it otherwise, remains open to doubt. 
This spineless form hovers between var. divergens, 1. forcipi¬ 
formis, and still another variety which, when small, echoes var. 
lunata of earlier beds, and which I have called var. imitata (Figs. 
55-59). Var. imitata is one of the commonest forms in the 
Upper Castlemainian, and varies considerably in size. An 
attenuated horseshoe-shaped form with very thin periderm is 
found rather rarely from the Upper Castlemainian to the lowest 
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beds of the Upper Ordovician (Ba67). As stated above, it 
seems to be a catagenetic form resembling var. lunata or a 
small var. victoriae, and is here separated as var. tenuis (Figs. 
53-54). 

This leaves the distinct manubriate forms still to be dealt with 
as well as Isograptus forcipiformis, and the genera of Onco- 
graptus and Cardiograptus. The choice of varieties is more or 
less arbitrary, since only those forms have been dealt with 
which occur fairly commonly. Some of the varieties are locally 
very abundant, and one cannot foresee that some new locality 
may not produce forms distinct enough to warrant the addition 
of even more names to the list. A variety in which the stipes 
more nearly approached the horizontal I had described as var. 
exp ansa, but as I had very few specimens I remained in doubt 
as to whether the appearance might not be the result of accident. 
Keble and Benson(15) record a var. spinifer, but this I have 
omitted for lack of material. It is likely that, no matter how 
many varieties are described, there will always be inter-varietal 
forms. 


IX. The Manubriate Species. 

It has been usual to refer all forms with large siculae to 
Isograptus caducous, var. manubriatus (T. S. Hall var.), but 
closer examination shows that they form a group agreeing in 
this one respect only, and otherwise appear to form a connected 
series between Isograptus and Maendrograptus. 

The earliest form to appear is here described as I. hastatus 
(Figs. 33-36). It is represented by Hall’s figure of the co-type 
of his var. manubriatus (12), but it seems to be quite distinct 
from the type which is here retained as I. manubriatus (Figs. 
43-44). Closely allied to I. hastatus is I. d it m os us (Figs. 37-39), 
which, on the other hand, seems also to approach /. manubriatus 
in its very typical early stages. /. dumosus seems also to link 
up with /. caducous through a variety which is figured as /. 
caduceus var. velata (Fig. 40). The characteristics of these 
forms may be best noted from the descriptions and figures. 

( a) Isograptus hastatus (Figs. 33-36). 

T. S. Hall (12) in 1914 described a new variety of Didymo - 
graptns caduceus (Isograptus caduceus) as var. manubriatus. 
He illustrated his description with two figures—a type from a 
“ quarry in hard blue slate, one mile west of school on road 
from Woodend to Macedon,” and a co-type from McPherson’s 
Creek, Steiglitz. The two figures differ, as Hall realized, and 
an examination of hundreds of specimens has led me to the 
conclusion that the differences are sufficiently great to warrant 
the separation of both forms from /. caduceus and from each 
other. From an examination of the collection it also seems that 


94 


W. J. Harris: 


the Steiglitz form occurs on a lower horizon than the Macedon 
type, and this accords with my own observations elsewhere. 

Like so many of our graptolites, each of the forms is rather 

limited in distribution, occurring at a few outcrops in great 

numbers, but rare elsewhere. Hall’s Steiglitz co-type, 

characterized by a long narrow wedge-shaped sicular region, is 
referred to as /. hastatus. It is of special interest, as its thecae 
are not so typically recurved and mucronate as those of I. 
caduceits, and since there are indications that in its early stages 
it showed a trend towards Maeandrograptus as represented by 
M. tan, sp. nov., and also towards I. dumosus. A fuller descrip¬ 
tion is given in Part 2 of this paper. 

( b ) I'sograptus manubriatus (Figs. 41-44). 

This, with the species immediately above, was described by 
Hall(12) as a variety of /. caduceits, and is represented by his 
figure (Hall sup. cit. pi. xvii., Fig. 12). Since then the term 
var. manubriatus has been used rather freely to cover all large- 
sicula forms. This was partly due to the fact that the type 
figure represented a rather rare variety and the type locality 
■could not be identified. It seems almost certain from Dr. Hall’s 
description both of the variety and of its associates that he 
himself had no opportunity of collecting it in the field. 

Isograptiis manubriatus differs from /. caduceits in the nature 
of its proximal region and also in the character of the thecae. 
The first few thecae grow downward along the sicula, thus 
forming a small “ tuft,” and later thecae turn backward and 
upward and enclose the whole sicular region. A peculiar 
enlargement around the sicula noted in this species and also 
in dumosus is notable. Unfortunately little internal structure 
can be made out in any specimens yet collected, so that the 
very interesting question of the relation of /. manubriatus to 
/. caduceits and also to Oncograptns and Cardiograptus cannot 
be answered. From external appearances it would seem that 
there is a considerable resemblance between /. manubriatus and 
these two genera. 

(r) Isograptns dumosus (Figs. 37-39), 

In the Lower and Middle Darriwilian another form is not 
uncommon in which the sicular region fills most of the space 
between the stipes. In some of these forms the general outline 
and the nature of the thecae show such a resemblance to those 
features of I. caducous that the form is described as /, caduceits, 
var. z’data (Fig. 40). In others the sicular region is distinctive, 
the early growth stages resemble those of I. manubriatus, and 
the thecae also differ from those of I. caduceits. This form 
is described as I. dumosus, and seems to have affinities with 
/. hastatus. 
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X. Isograptus forcipiformis and Skiagraptus 
gnomonicus. 

Isograptus forcipiformis was first figured and described by 
Ruedemann(20) as an extreme development of Didymograptus 
.caduceus by the divergence and slenderness of the branches. 
Forms referable to L forcipiformis are common at certain 
•outcrops, as at the Lower Darriwilian outcrops west of the 
Bullengarook Slate Quarry and at Ba71, in the same district. 
'They also occur in Upper Castiemainian beds, though much more 
rarely, and form a majority of all Isograptus forms in the 
Upper Darriwilian beds (Fig. 27). Specimens resembling 
Ruedemann’s variety nanus are also found, but I have not con¬ 
sidered it necessary to separate them from I. forcipiformis. 
Of special interest in all these forms is the tendency towards 
concrescence (Fig. 28), a tendency shown also in Ruedemann’s 
figures. The extreme development of the concrescent tendency 
shown in I. forcipiformis would ultimately produce a wholly 
biserial form indistinguishable from Diplograptus gnomonicus 
in outline, and a specimen is figured (Fig. 29) which may be 
regarded either as an extreme modification of Isograptus forcipi¬ 
formis, biserial through concrescence, or as Diplograptus 
gnomonicus. From its association with numerous specimens of 
I. forcipiformis and the absence of any undoubted specimens 
of D. gnomonicus it is referred to the former species. In fact, 
specimens may be obtained which show all stages of approach 
to the biserial form (Fig. 28). Whether this is the origin of 
D. gnomonicus cannot be definitely stated, but it seems probable 
that this form is a derivative from /. forcipiformis . In the 
absence of conclusive evidence Diplograptus gnomonicus cannot 
be referred with certainty to Isograptus, but there seems little 
doubt that it is not a true Diplograptus- It is therefore made 
the type of a new genus— Skiagraptus —which may be included 
with the Isograptid family. 

XI. Oncograptus and Cardiograptus. 

Attention has been directed to the tendency of Isograptus 
caduceus towards concrescence. This tendency may be noticed 
in forms from the Middle Castiemainian, but is not pronounced 
till the highest Castiemainian beds are reached In Zone C2 
(Victoria Gully) the horseshoe-shaped rhabdosome is by far 
the most common. The succeeding variety, var. maxima,, is 
of the same general shape, though more robust, but associated 
with it, and becoming increasingly common in the highest.Castie¬ 
mainian beds, is the variety tiiaxinio-divcrgens, in which the 
stipes turn back more abruptly, gradually widen and then 
narrow, and in general approach var. diverge ns. These inter¬ 
mediate forms—between var. /maxima and var. diver gens 
include the largest specimens of Isograptus recorded. If the 
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tendency towards increase in the angle of divergence were carried 
to extremes the resulting rhabdosorne would be biserial at least 
proximally. This is shown in I. fore ip if or mis. In Onco graft ns 
we have a form initially biserial and then developing uniserial 
stipes. The biserial part is of varying length, sometimes so 
short that the specimen resembles an initially broad Isograftns 
(Fig. 22). Oncograptiis seems so closely related to L caducens 
that though its early stages are still obscure it seems justifiable 
to include it in the same family. If it developed from I. caducens 
it was probably by a distinct break, as no intermediate forms 
are found in the Upper Castlemainian beds, where they might 
be expected. At McKenzie’s Hill, Castlemaine, a typical Cl 
locality, one characteristic specimen of Oncograptiis upsilon was 
found in association with numerous and particularly large 
specimens of 7. caducens , var. maxima-divergens. 

Two species of Oncograptiis have been described, O. upsilon 
T. S. Hall, and 0. biangulatus Harris and Keble. Typical 
specimens of these species are easily distinguishable, but there 
is a gradation from one to the other, and it seems best to regard 
0. biangulatus as merely a variety of 0. upsilon. The writer’s 
observations on the two forms may be summarized as follows:— 
There are numerous forms 11 to *14 mm. wide at the bifurcation 
of the stipes, with stipes inclined at an angle of 320-330 deg. 
and uniserial stipes about 5 mm. wide. These would be regarded 
as typically Oncograptiis upsilon* (Fig. 21). (The length of 
the uniserial stipes does not seem to be important.) Equally 
as common, but on a somewhat higher horizon, are forms less 
than 10 mm. wide at the bifurcation, with stipes inclined at a 
greater angle (330-340 deg.), and with uniserial stipes less than 
5 mm. wide. These are typically Oncograptiis biangulatus (Fig. 
23). There are also forms which it is difficult to refer to one 
species rather than the other, and the direction of pressure has 
considerable effect on the final dimensions. This is well shown 
in specimens from a small quarry on the south bank of the 
Gisborne Creek in allotment 40, Bullengarook, and also in 
specimens collected by D. E. Thomas in the Lancefield district. 
Forms showing all gradations between the two described 
species occur in the same beds at an old slate quarry about 
a mile south of the site of the old State school on the Calder 
Highway near Macedon, and E. Ripper (1$) records a similar 
occurrence from the Ingliston district. The thecal characters of 
both forms are the same as those of Isograftus caducens , and 
the number of thecae in each case is 9-10 in 10 mm. 

The failure of Oncograptiis to develop its distally uni serial 
stipes would result in a wholly biserial form. Cardio graft ns 
is such a form. Like Oncograptiis, Cardiograptus shows great 

* An inconstant character observed in some late varieties of Isograptns cuduccus 
(Fig. 17) is the presence of a web or film connecting the two stipes and surrounding, 
the apical end of the sicula. This is a commoner feature of Oncograptus (Fig. 21). 
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variation in the width of the rhabdosome, but it is interesting 
to note that most specimens may be classed as either narrow or 
wide, in this respect bearing some resemblance to the two 
varieties of Oncograptus. It is probably not without reason 
that Cardiograptus appears on the horizon where a derivative 
of Oncograptus might be expected—first in D 4 associated with 
Oncograptus, and then generally surviving that form in higher 
beds. In this genus the checking of the tendency towards 
uniserial development may be indicated by the emarginate distal 
end of Cardiograptus morsus. The species failed to resist 
completely the tendency towards divergence, and yet did not, 
like Oncograptus, give rise to uniserial stipes. In the later 
species, C. craivfordi Harris, the emargination is less pronounced 
or altogether absent, again as might be expected. The order of 


appearance of these related forms is— 

Isograptus caduceus var. victoriae .. .. C2 

„ ,, maxima .. .. C2—Cl 

„ ,, maximo-divergens .. Cl 

„ „ forcipiformis .. Cl—D5 

Oncograptus upsilon .. .. .. .. D5 

„ „ var. biangulatus .. .. D5—D4 

Cardiograptus morsus .. .. .. .. D4 

„ crawfordi .. .. .. D1 


XII. Development of Oncograptus and 
Cardiograptus. 

The deceptiveness of compressed material in the case of 
Isograptus caduceus makes me hesitate to discuss the mode of 
growth of the proximal parts of Oncograptus and Cardiograptus. 
There seems little doubt that the method is the same in each 
case, juvenile Cardiograpti being practically indistinguishable 
from the same stages of Oncograptus (Figs. 24, 25). In both 
genera the first thecae seem to grow downward almost parallel 
to and beyond the aperture of the sicula, the later thecae then 
gradually turning back till the whole sicular region is enclosed 
between’ what would be two stipes, but which in these forms 
makes up the biserial parts of the rhabdosome. 


XV. Maeandrograptus spp. 

Isograptus hastatus (Figs. 33-36) seems to be related to a 
form which has greater affinities with Maeandrograptus — I. 
dumosus (Figs. 37-39), and also to a still more maeanclrograptid 
form, Maeandrograptus aggestus, sp. nov, (Fig. 51). Another 
related form which may possibly link up with the Leptograptidae 
and Dicellograptidae is described as Maeandrograptus r fan. sp. 
nov. (Figs, 47-49). As with Oncograptus and Cardiograptus, 
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the early stages are obscure, and the available material does not 
permit a certain reference to any genus. However, the difficulty 
of placing these forms in their most natural position has to be 
faced, and they are therefore referred to Maedndrographis. 
They emphasize the trend towards the grouping of thecal origins 
in the sicular region—especially M. aggestus. 

XVI. Other Species. 

Didymograptiis ovatus T. S. Hall (Figs. 45-46), a distinctive 
but little-known form, is also referred to Isograptus. The details 
of structure are as obscure as in many other forms described, 
but the reference to Iso gr apt ns seems justified, the possible 
alternative being inclusion under Oncograptiis as a paracmic 
form. 

A species of reflexed Didymograptiis from a much lower 
horizon than any here described has been known for many 
years, having been collected by Mr. T. Smith, of Ebervs, 
Campbelltown, from the zone of Tetragraptus frwticosns and 
T. approximo,tits (B 5), and provisionally named Didymograptiis 
eocaduceus by Mr. R. A. Keblc. Investigation of the locality 
by Mr. D. E. Thomas and the present writer showed that 
there were in these beds two reflexed forms. In the absence 
of any evidence that their mode of growth corresponded with 
that of Isograptus caduceus , and taking note of the strati- 
graphical gap between their horizon and that in which I. caduceus 
seems to make its appearance as a primitive form, it has been 
decided to describe them as Didymograpti, probably unconnected 
with I. caduceus — Didymograptiis eocaduceus, Keble MS. 
(Figs. 64-67), and D. hemicychis , sp. nov. (Fig. 68). 


XVII. Correlation and Zonal Range of the 
Isograptidae. 

The task of correlating the graptolite succession in Australia 
with that in other parts of the world is of absorbing interest 
but of considerable difficulty. The chief criterion—the com¬ 
parison of parallel associations of forms—is easily agreed upon, 
but its application is by no means easy. Of the attempts at 
correlation recently made, only two need be considered in this 
paper, and then only as far as they concern the zones dealt 
with—the Castlemainian and the Darriwilian. These are the 
table (based on the work of Dr. Elies) given in Sir Edgeworth 
David’s Explanatory Notes on a New Geological Map of 
Australia (Table A) and Harris and Keble’s(14) discussion. 
David quotes Elles’s opinion that the sequence of the graptolite 
zones is practically the same in Australia as in Europe. This 
opinion does not conflict with the conclusions of Harris and 
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Keble, but trouble arises when correlation zone by zone is 
attempted. It is not clear, for example, what relative weight 
should be attached to the first appearance of new forms, to 
their appearance first in force, or to their general distribution, 
nor do published records give more than a mere outline from 
which to draw conclusions. In Australia also there is the great 
handicap of undescribed forms, which possibly outnumber those 
described. It is to be regretted that no attempt has been made 
in recent years to publish a reasonably complete account of the 
graptolites occurring at typical localities in each of the principal 
zones—“ typical assemblages.” Dr. Hall did this some 40 years 
ago for the type Lancefieldian locality, but it is needless to state 
that even this work is in urgent need of revision and supple¬ 
ment. Collections have been made with a view to the task 
indicated, but considerable labour and time is involved. 

With respect to Isograptus caduceus the following points must 
be considered. Firstly, though Isograptus makes its appearance 
in the lowest Castlemainian zone (C 5)—or even lower, according 
to a personal communication from Mr. R. A. Keble—it is not 
a characteristic form till the Middle Castlemainian horizon is 
reached. Secondly, its development in Victoria is on a much 
more extensive scale than in England, so that while English 
forms seem comparable with those from our C3 and C2 beds, 
the higher forms do not seem to be found in Europe. 

It is therefore a great advantage to have a recognizable 
assemblage correlated by a worker familiar with European 
species.' This is provided by Buhnan(2) in his reference of 
South American graptolites to the Llanvirnian (Zones 6 and 7, 
E. and W.). The Llanvirnian assemblages “are characterized 
above all by the abundance of Didymograpti of the tuning-fork 
type, and the presence of numerous Glossograpti which appear 
in force for the first time at the base of the zone of Didymo- 
graptus bifidus.” (4) The exact identity of the chief Australian 
tuning-fork Didymograptus as D. bifidus has been queried, but 
BulmaiTs work seems to indicate that it is necessary to regard 
the dependent Didymograpti as of limited development and of 
restricted range in Victoria, and to take the rest of the assemblage 
as characteristic. Thus, apart from numerous dependent 
Didymograpti , Bulman(2) records Phyllograptiis, Glyptogrciptus 
dentatus, mut. towards Glyptog. t cretinsc ulus, Ample xograptus 
cf. confertus , Lasiograptus, and Glossograptus holmi from 
several Bolivian localities. Associated with some or others of 
these forms are L. logani var. bolivicnsis, Cryptograpius tricornis 
var. schaferij I. gibberulus var. diver gens, Pterograptus sp., and 
Climacograptus cf. modestiis, together with other forms of less 
direct interest at present. Now every one of these forms, even 
to the varieties, can be correlated with Victorian Darriwil forms. 
Apart from the more general species, which may not be so 
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important, it cannot be accidental that such distinct forms as 
the mutation of Glyptograptus towards G. teretiuscuius, the 
variety schaferi of C. tricornis, the loganograptid form or an 
equivalent (.Brachiograptus etaformis). a Ptcrograptus closely 
allied, a Climacograptus like C. modest its, incoming Lasiograpti 
and Glossograpti, should all be characteristic of one zone in 
Victoria and also in South America. Isograptus caduceus 
var. diver gens, which is associated with these in South America, 
occurs rather lower in Victoria (in the lower Darriwilian), but 
all the other forms are characteristic of the upper Darriwilian 
(D2 and Dl). It seems, therefore, that these beds which repre¬ 
sent the upper limit of the range of Isograptus, except for its 
rare survival in the zone of Diplograptits teretiusculus, must be 
correlated as Llanvirnian. The lowest range of the genus is not 
so definitely fixed, but as there is some evidence that it may not 
be absolutely absent from the Bendigonian, its lowest limit may 
be placed provisionally as in beds equivalent to the Didymo¬ 
graptus extensns zone (Zone 4 of the Arenigian). 
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Part 2. Description of Species. 

ISOGRAPTIDAE, fam. nov. 

Biserial, initially biserial, or uniserial forms with stipes 
diverging at approximately 180° or more, the proximal thecae 
growing at first entirely downward and either opening in this 
direction or turning outward, later thecae tending to become 
scandent. Thecae of the general type of Didymograptus. 
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Remarks.—-Until more is known of the early stages of the 
forms included in this family the characteristics of the family 
cannot be definitely set out. It includes, however, forms which 
have developed from Isograptus caduceus (or along parallel 
lines) by a well-marked line of development, resulting from— 

(1) postponement of budding; 

(2) grouping of thecal origins in the sicular region before 

stipes arise; 

(3) tendency towards concrescence and therefore towards 

scandent growth. 

It therefore seems to be a natural family, and, as such, worthy 
of distinct rank. 


Isograptus Moberg, 1892. 

Genotype Didymograptus gibberulus Nicholson, 1875. 

Original diagnosis (Translation). 

Two branched rhabdosome, both branches of which grow out 
bilaterally symmetrical from the sicula. Each branch considered 
by itself is not bilaterally symmetrically formed. The two 
impressions which one of these graptolites leaves on a shale 
surface and its counterpart always show in the matter of the 
proximal end (including the sicula) a somewhat different 
appearance. One can therefore distinguish a front and a back, 
and consequently also a right and a left branch. 


Amendment to this generic diagnosis (3). 

One of the most important characteristics of the genus is 
the fact that the first stipe develops not from th l 1 as in the 
Dichograptidae in general, but from th l 2 via a second crossing 
canal. The first few thecae of both stipes grow entirely down¬ 
wards and the stipes, which are of considerable width at their 
origin, taper gradually to their distal extremities. As there is so 
little known of species other than I. gibberulus , it is a matter 
of doubt which characters are of generic importance. 

Note by the present writer.—The genus is here enlarged to 
include forms which are almost certainly closely related to I. 
gibberulus , since the reference of them to the same genus seems 
more scientific than the. perpetuation of separate genera. The 
crucial test is probably the origin of the first stipe from th l 2 
instead of from th l 1 , though owing to the compression of 
material examined, it is difficult to be certain of this point. 
BulmaiTs “ gradual tapering ” of the stipes is almost certainly 
not of generic importance. 
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ISOGRAPTUS MANUBR1ATUS (T. S. Hall). 

(Plate VI., Figs. 1 a— li.) 

Didymograptus caducous var. manubriatus, T. S. Hall var. (partim). 
Proc . Roy, Soc. Vic. (n.s.), xxvii., (1) pp. 108-109, pi. xvii., fig. 12 
(non fig. 13), 1914. 

Hall's original description reads:—“ Differs from the typical 
form by the immense size of the sicula which at the point of 
separation of the branches is as wide as the branch itself. Thecae 
10 In 1 cm. Branches diverging at 130° to 140° and varying 
from 2 to 3 mm. in width. There is considerable range in the 
width of the branches and the angle of divergence, but the great 
size of the sicula is remarkable.” 

Hall's figures show that he included the forms which 1 have 
separated, Isograptus hastatus and I. manubriatus, as different 
aspects of the same variety of Didymograptus ( Isograptus) 
caduceus. He cites two localities—a type (Fig. 12 supra) from 
“ quarry in hard blue slate 1 mile west of school on road from 
Woodend to Macedon ” and a co-type (Fig. 13 supra) from 
“ Macpherson’s Creek, Steiglitz.” This latter form 1 regard as 
distinct, viz., I. hastatus. The first form I now refer to /. 
manubriatus , considering its early stages to be so different from 
those of I. caduceus as to accord it specific rank. There is 
some doubt about the type locality. The " school ” is presumably 
the school, since removed, on the west side of the main road, 
3 miles south of Woodend Post Office, and practically on the 
Main Divide. 1 searched the country on the northern slopes of 
the Divide west of this school, but failed to find either a quarry 
or any place that looked a possible site for a quarry, but on 
repeating the search in company with D. E. Thomas, we broke 
from a loose block of rock a specimen which might well pass 
for Hall's type. It is possible, therefore, that we may have 
overlooked the quarry—an easy thing to do in such densely 
timbered country, but the less probable since local residents 
seemed unaware of any quarry in that neighbourhood. They 
did, however, indicate a quarry about a mile south-south-east of 
the school, which answers in all other respects to Hall's descrip¬ 
tion. In the waste slabs from this quarry Isograptus manu¬ 
briatus occurs in thousands, making up, I should judge, over 90 
per cent, of all graptolites present. Except at this locality and 
at some others in the same district from which graptolites are 
not easily obtained, the typical form is comparatively rare, but 
from the material available a good knowledge of the species may 
be obtained—that is, as far as the external form is concerned, 
for as so often is the case, internal detail is hard to make out. 

The sicula appears to be long and narrow (Fig. 1a), but round 
it what appears as a conical film develops. 1 he first thecae 
(how they originate I cannot make out) grow downwards 
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parallel to the sicula and form a “ tuft,” so that juvenile speci¬ 
mens have a very characteristic appearance (Fig. 1 e). This 
juvenile rhabdosome closely resembles the corresponding stage 
of Isograptus dumosus sp. nov., and I collected it from more 
than one Castlemaine locality without being able to refer it to 
any known species. Later thecae turn back and upwards, 
enclosing the whole sicular region and giving the species its 
characteristic appearance. 

The angle the stipes finally make varies, but is about 300° 
as a rule (300° in Hall’s type). I cannot understand Hall’s state¬ 
ment that the branches diverge at 130 to 140°, as this does not 
agree with either of his figures. The thecae number about 10 
in 10 mm., resemble those of Isograptus caducous in general 
form, but have rather less complete overlap and a denticle which, 
though pronounced, is directed outwards rather than downwards, 
.so that the thecal apertures open upwards rather than outwards. 
The apertural margin is also less concave. 

In view of its evident relation to Isograptus caducous the 
species is included under Isograptus. Among the numbers of 
specimens collected are some which approach Isograptus much 
more closely than others. It seems most closely related to /. 
dumosus and I. hastatus. This latter form is, however, com¬ 
monest on a lower horizon (Cl—Upper Castlemainian). 

Horizon and Localities.—The confusion between Isograptus 
caducous var. velata, I. dumosus. I. hastatus , /. manubriatus, and 
possibly other forms with a prominent sicula (all being grouped 
as Didyrnograpius caducous var. manubriatus) renders past 
records of the species unreliable. It occurs rather rarely on 
Chinaman’s Creek east of Muckleford Railway Station (Castle¬ 
maine), on the Maldon Pipe Line west of Barker’s Creek in 
the same district, and is common on the same horizon (Lower to 
Middle Darriwilian) at several localities in the Macedon and 
Gisborne district, as, for example, in the railway cuttings near 
Macedon Railway Station, west of the Glendoon Spur 
(Gisborne), and especially at the type locality discussed in detail 
above—“ Willey’s Quarry.” less than 1 mile west of main 
Gisborne to Macedon road (Calder Highway), on southern slope 
of Divide, about 381 miles from Melbourne, according to the road 
mile-posts. At this locality it is associated with an exceptionally 
complete Lower Darriwilian (D4) assemblage of graptolites:— 

Dichograptus octobrachiatus (J. Hall)—large, typical forms. 

Tetragraptus quadribrachiatus (J. Hall). 

„ serra (Brong.). 

„ ? headi (J. Hall). 

». spp. 

Phyllograptus sp. (probably P. nobilis H. and K.). 

Goniograptus speciosus, T. S. Hall (probably the type locality for 
this species). 

Goniograptus sp. 

Trigonograptns ensitormis (J. Hall). 
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Didymograptus v-deflexus, H. and K. 

„ spp. (horizontal series). 

Isograptus caduceus var. divergens, Harris. 

* „ dumosus, sp. nov. 

„ manubriatus (T. S. Hall), extremely common. 
Skiagraptus gnomonicus (H. and K.). 

Oncograptus upsilon, T. S. Hall. 

„ „ var. biangulatus, H. and K. 

Cardiograptus morsus, H. and K. 

Maeandrograptus tau, sp. nov. 

cf. Thamnograptus capillaris (Emmons). 

as well as multi-branched forms which could not be definitely 
identified. 


Isograptus hastatus, sp. nov. 

(Text-figs. 33-36.) 

Didymograptus caduceus var. manubriatus, T. S. Hall var. (partim). 
Proc. Roy. Soc. Vic. (n.s.), xxvii., 1914, plate xvii., tig. 13 (non 
fig. 12). 

Description,—Rhabdosome small, consisting of two stipes 
about 1 cm. long diverging from a long dagger-like sicula and 
turning back till they make an angle of 328°-330°, tapering 
gradually but slightly, and not approaching each other distally. 
Thecae 10-12 in 10 mm., conical tubes, overlapping a little more 
than half and with a denticle less pronounced than that of 
Isograptus caduceus. Apertures slightly concave, making an 
angle of up to 140° with the axis of the stipe. 

Remarks.—The fact that Hall figured this form under Didy¬ 
mograptus caduceus var. manubriatus , gives a good idea of its 
general appearance, but it cannot be mistaken for a typical I. 
manubriatus, as indeed Hall recognized when he figured it as 
well as the other form. The term “ sicula ” is used to include the 
whole sicular region, as my material does not permit the detail 
of the proximal part to be made out. It seems, however, that 
the sicula is itself large, but is increased in size by the growth 
parallel and adherent to it of the first thecae, thus anticipating 
the maeandrograptid type of development and leading towards 
Maeandrograptus tau Harris. The grouping of thecae around 
the sicular aperture also connects the species with Isograptus 
dumosus , and forms are figured which cannot be referred to 
either of these species with certainty. 

Horizon and Localities.—Although it is not unlikely that some 
of my records of Isograptus manubriatus may refer to the present 
species, since Hall, as stated, included the two forms in the same 
variety, my collection includes I. hastatus chiefly from Upper 
Castlemainian beds. It is usually rather rate, but occasionally 
—as is the case with so many of our species—it is locally very 
common, as for example on the Sandy Creek road near Bagshot 
(Bendigo) and at Macpherson’s Creek ( Steiglitz). It there¬ 
fore seems to be typical of a lower horizon than7. manubriatus. 
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Isograptus dumosus, sp. nov. 

(Plate VI., Figs. 2 a— c.) 

Description.—Rhabdosome small, less than 5 mm. in length 
and breadth, in shape the segment of a circle with the apex of 
the sicula as the centre. The sicula appears to be broadly trian¬ 
gular. From it a “ tuft ” of thecae grow as in I. manubriatus. 
Turning outwards and upwards from this, later thecae form 
ascending stipes which enclose the whole sicular region and may 
continue somewhat beyond it, though rarely far. The thecae are 
curved tubes, overlapping almost completely at first, but with 
decreasing overlap distally. Apertures straight or slightly 
concave. 

Remarks.—The distinctive shape of the rhabdosome of this 
species—a broad sicular angle subtended by the arc of a circle- 
enables it to be easily recognized, particularly as the periderm 
seems to have been of considerable thickness. Forms are found 
which by a narrowing of the sicular region and a lengthening 
of the stipes approach Isograptus hastatus . On the other hand 
forms with typical I. caduceus thecae link that species with I. 
dumosus through l. caduceus var. velata. /. dumosus is 
seemingly not derived from I. caduceus through var. velata, as 
it is well established before that variety appears in D4. A more 
probable derivation is through I. hastatus. 

Horizon and Localities.—Rather rare in the Upper Castle- 
mainian of Rae Street, and McKenzie’s Hill (Castlemaine). and 
Limestone Creek (Yandoit). Common in the Lower Dartiwilian 
of Gisborne (Ba71) and the middle Darriwilian (D4-3) of 
Chinaman’s Creek, Muckleford, Probably recorded under 
Didymograptus caduceus var. manubriatus from other localities. 

Isograptus ovatus (T. S. Hall, sp.). 

(Text-figs. 45, 46.) 

Didymograptus ovatus T. S. Hall, Rec. Geol. Saw. Viet i. (1), p. 33, 

Fig. 1, 1902. 

Description.—As Hall’s original account is included in a 
general mining report, possibly not readily accessible, it is given 
here practically in full. 

“ Hydrosome stout, branches abruptly recurved and 
gradually approaching one another so that the polypary 
resembles in outline an imperfect specimen of Phyllograptus 
typus. Branches of a uniform width of 1 mm., or to the 
tip of the mucronate extensions of the thecae, about 2 mm. 
Sicula long and slender with a delicate virgula. Thecae 
curved, expanding, about .5 mm. wide, overlapping by one- 
half their length, and at a distance of about 10 mm. from 
the sicula inclined at an angle of 40°, outer margins curved, 
apertural margins deeply concave and produced so as to 
make with the outer margin a stout spinose mucronate 
extension of about 1 mm. in length. Thecae numbering 
12 in 10 mm.” 
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Hall further remarks—“ The species is closely related to Didy- 
mograptus caduceus Salter, but differs in the form of the 
aperture of the thecae as well as in the more abrupt reflexion 
of the branches, which maintain a constant rate of curvature 
instead of becoming almost straight distally, as is the case in 
Salter’s species,” 

Remarks.—This description was drawn up from a single speci¬ 
men from Sandy’s Creek, Tabberabbera (Gippsland). In the 
30 years which have since elapsed three other specimens have 
been found—two from Turner’s Quarry, allotment 27b, Bittern, 
and one at 8-Mile Camp on the Howqua River, above Fry’s. 
The type specimen is the largest, but the general characters of 
all agree except that in the smaller specimens the thecae are 
rather more closely spaced. In none of the specimens is internal 
detail shown, but it is clear that I. ovatus is deeper over the 
sicular region than I. caduceus , in this respect showing greater 
resemblance to I. forcipiformis , I. inanubriatus, and Oncograptus. 
It therefore illustrates the tendency towards concrescence noted 
in these forms—the grouping of thecal apertures near the sicula 
and delayed reflexion of the stipes. The character of the thecal 
apertures, as Hall’s description shows, marks also a departure 
from the typical Isograptus caduceus , and brings the species 
nearer to I. inanubriatus and I. hastatus, from which forms it is 
easily distinguished by the absence of the enlarged sicula. 

Horizon and Localities.—Hall’s type is from L^pper Ordo¬ 
vician beds. Turner’s Quarry and the Howqua River localities 
are the highest beds of the Darriwilian. 

Genus Maeandrograptus Moberg. 

Genotype Maeandrograptus schmalenseei Moberg. Geol. Foren. Fork, xiv., 
p. 344, pi. viii., figs. 9-10, 1892. 

Several thecae proceed directly from the sicula in the neigh¬ 
bourhood of the broad end. The form of the initial part recalls 
somewhat that of the genus Dicellograptus. The distal parts of 
both branches are on the contrary constructed on the Didymo- 
graptiis plan, for which reason the new genus may to some 
extent be regarded as a connecting link between Dicellograptus 
and D idy mo gr aphis . (Translation of Moberg’s original 
diagnosis as given by Bui man r (3), p. 25.) 

Bulman continues, “ The structure of the proximal end in 
this genus is not quite so clear as in Isograptus (i.c. Didyrno- 
graptus caduceus), but seems to be of essentially the same type. 
Moberg was apparently misled by the rapid development of the 
first three thecae of each stipe into the belief that three primary 
thecae leave the sicula on each side. ♦ . , From an examina¬ 

tion of the paratypes it appears that as in Isograptus, th 2 1 is 
derived from th l 2 (not th 1 ] ) but it arises sooner in Maeandro¬ 
graptus than it does in Isograptus. . . . After adhering to 

the sicula for some distance th l 1 turns and grows away in a 
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reclined direction, and th l 2 grows in a corresponding direction 
after crossing the sicula. . . . the thecae are long sinuous 

tubes, with a considerable amount of overlap that yet increases 
distaily.” 

Maeandrograptus tau, sp. nov. 

(Plate VI„ Figs. 5 a—d.) 

Description.—Rhabdosome usually small (less than 1 cm. 
long), consisting of short stipes growing almost at right angles 
from an abnormally long sicula (up to 5-6 mm. in length). 
Thecae inclined at a low angle, overlapping one-half to one- 
third, ventral margins with sigmoidal curvature, apertures con¬ 
cave and approximately normal to the axis of the stipe. 

Remarks.—-The length of the sicula compared with the usually 
short stipes gives the rhabdosome the appearance of a T. and 
distinguishes it from any other species. At one locality larger 
forms are found (see Fig. 5 a) which have some resemblance to 
Leptograptus or Dicellograptus. How the first theca arises and 
how the stipes originate I am unable to determine with cer¬ 
tainty, but it is probable that the apparent sicula is really a 
compound structure consisting of the sicula and the first thecae, 
the latter growing at first parallel to it and then turning aside. 
It is for this reason that the form is included provisionally under 
Mac and rograp tns. 

The thecae are not of the typical I. caduceus type, but relation¬ 
ship to that species may be traced through /. has tat us ♦ It would 
be difficult to distinguish between f. hastatus and a specimen 
of M. tau with reflexed stipes. At Willey’s Quarry, Macedon, 
forms with stipes nearly 10 mm. long are found, and the stipes 
(whether as the result of accident cannot be determined) 
occasionally show a divergence of rather less than 180°. The 
usual angle of divergence is 180° or a little more, and most 
specimens have only three or four thecae in each stipe. 

As stated, the reference to Maeandrograptus is tentative, but 
the form seems to be neither a typical Didyviograptus nor a 
Leptograptus. 

Horizon and Localities.—Not uncommon in the blue and 
bleached shales of Ba71, Gisborne (Q.S. 6 S.W.) with a typical 
lower Darriwilian assemblage, and at some neighbouring out¬ 
crops. Rather rare, and often of large size, at Willey’s Quarry, 
Macedon, on the next higher horizon (D 4). 

Maeandrograptus aggestus, sp. nov. 

(Plate VI., Figs. 6, 7a, 7b.) 

Description.—Rhabdosome small, almost of the shape of an 
equilateral triangle with 4 mm. sides, with the sicula pointing 
to the apex and the two adjacent sides rather concave. This 
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shape results from the growth from a large but indistinctly 
shown sicula of thecae at first directed downwards, and the later 
development of thecae, which grow downwards at first and then 
turn outwards so that they are almost parallel to each other, 
overlapping, and at right angles to the sicula. Thecae, long 
tubes circular or possibly sub-rectangular in section, the first 
thecae overlapping by about one-half, the later thecae apparently 
in contact for all their length. Apertures slightly concave and 
almost parallel to the axis of the sicula. 

Remarks.—This description was drawn up from the type 
specimen, both obverse and reverse of which were found. The 
later discovery of what seems to be probably a juvenile stage 
of the species does not make any alteration necessary, but 
seems to make clearer the relationship to the manubriate 
Isograpti. Apart from this resemblance the mode of growth is 
quite unlike that of any graptolite yet described from Victoria, 
and the mature rhabdosome is quite distinctive. Although it 
is evidently quite distinct from Macandrograptus schmalenseei 
Moberg, inclusion in the same genus seems preferable to the 
creation of a new genus. 

Horizon and Localities.—The two specimens referred to above 
are the only ones yet recorded. They come from the Upper 
Castlemainian bleached shales of Limestone Creek, allotment 2, 
section 2, Yandoit (Q.S. 15, S.E., Loc. Fa 3). 

Skiagraptus, gen. nov. 

Biserial graptolites in which the proximal thecae grow along¬ 
side the sicula with their apertures directed in the same general 
direction, later thecae gradually becoming more and more hori¬ 
zontal but with their ventral walls remaining concave towards 
the proximal part of the rhabdosome. 

Skiagraptus gnomonicus (Harris and Keble). 

(Plate VI., Figs. 3, 30.) 

Diplogroptus gnomonicus H. and Keble. Proc. Roy. Soc.Vic. (n.s.), 
xxix. (1), plate 1, figs, 5, 6 (figures only), 1916. 

Diplograptus gnomonicus Harris- Ibid, (n.s.), xxxvi. (2), p. 86 
(description only), 1924. 

There is little to add to the original description. The probable 
relationship with Isograptus forcipiformis has been indicated in 
part I. of this paper. The figures give a good idea of this small, 
tenuous, but distinctive graptolite, which since 1926 has been 
found to occur in Darriwilian beds in the Gisborne and Lance- 
field districts, and in the Brisbane Ranges, as well as at Castle- 
maine, whence it was originally described. Some of the best 
specimens have been obtained at Willey's Quarrv, Macedon 
(D4). 
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Family DICHOGRAPTIDAE. 

Genus Didymograptus. 

Didymograptus eocaduceus, sp. nov. 

(Plate VI., Figs. 8a, 8b.) 

Description.—Two stipes, bending in opposite directions, 
upwards and backwards, form a rhabdosome of horse-shoe shape, 
the angle of divergence, at first little more than 180°, rapidly 
increasing until the stipes are parallel to each other or even 
converge distally. Sicula about 1.5 mm. long and 0.5 mm. wide. 
The stipes are short (greatest length observed about 10 mm.), 
narrowest over the second or third theca in each stipe—probably 
due to reflexion—and then practically constant in width (1 mm,, 
or with denticles, 1.5 mm.). Thecae 11-12 in 10 mm., about 
2 mm. long and about half as wide, curved tubes overlapping 
about one-half, with a pronounced denticle directed outwards or 
slightly downwards. Apertures usually slightly concave, directed 
upwards to make an angle of from 100 to 130° with axis of 
stipe. 

Remarks.—This distinctive form closely resembles Isograptus 
caduceus in general form, but is apparently a tvpical Didymo¬ 
graptus. It can be distinguished by the simplicity of its proximal 
region, which shows none of the complexity of Isograptus of 
similar aspect. The thecae, too, though not unlike those of /. 
caduceus, have less overlap, and the apertures are directed at 
a different angle. The w T hole form is less rigid than I. caduceus, 
and gives one the idea—confirmed by its stratigraphical position 
—of being more primitive. 

Horizon and Localities.—Known with certainty only from 
Lower Bendigonian beds of Campbelltown (allotments 16, 17, 
and 22) where it was originally collected by Mr. T. Smith, and 
provisionally named by Mr. R. A. Keble. Collected later from 
the same localities, where it is not uncommon, by Mr. Thomas 
and myself under Mr. Smith’s guidance. It is, as stated above, 
considerably below the Isograptus beds, and no relationship 
between the two forms can be traced. A doubtful example 
was collected from beds of similar age at Axedale by Mr. J. J. 
Caldwell and myself. 

Didymograptus hemicyclus, sp. nov. 

(Plate VI., Fig. 4.) 

Description.—Two uniformly narrow stipes—less than 1 mm., 
over all—diverge from a short sicula to form almost a perfect 
semicircle. The sicula is about 1 mm, long and half as wide. 
The stipes arise sub-orally in typical didymograptid fashion. 
The thecae are long conical tubes, 11 in 10 nun., inclined at a 
low angle and with an overlap of about one-third. The ventral 
and apertural margins are slightly concave and the angle between 
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aperture and axis of stipe is over 90°, i.e.,. the denticle con¬ 
tinuing the apertural margin is directed outwards and some¬ 
what towards the sicular end of the rhabdosome. 

Remarks.—This form cannot be mistaken for any other, except 
possibly, when more than usually robust, for a D. eocaduceus 
narrower than usual. It is a characteristic Didymograptus, but 
strange to say, its nearest relations as regards thecal characters 
would seem to be horizontal didymograpti of the D. cuspidatus 
type occurring on a much higher horizon (Upper Castlemainian 
and Darriwilian). It also has some external resemblance to 
Isograptus cad neats var. tenuis. 

Horizon and Localities.—Not uncommon in allotments 16 and 
17, Campbelltown, in the lower Bendigonian beds, associated 
with D. eocaduceus and forms typical of the horizon. Collected 
by Mr. Smith, and then by Mr. Thomas and myself, as described 
under Didymograptus eocaduceus. 

Explanation of Text Figures. 

All specimens figured are from the writer’s collection except where 

otherwise stated. 

Fig. 1.—Isograptus caduceus, var. primula, nov., C5. South of Black¬ 
smith’s Gully on Chewton-Fryerstown road. 

Fig. 2.—Isograptus caduceus, var. primula, nov., C5. On race west of 
Monk Hill, Castlemaine. 

Fig. 3.—Isograptus caduceus, var. lunata, nov., C5. Same locality as 
Fig. 1. 

Fig. 4.—Isograptus caduceus, var. lunata, nov., C4. Quartz Hill, Castle¬ 
maine (Coll. Geol. Surv. Viet.). 

Fig. 5.—Isograptus caduceus, var. lunata, nov., C3. Steiglitz (No. 6293, 
Coll. Geol. Surv. Viet.). 

Fig. 6.—Isograptus caduceus, var. lunata, nov., C3. East of Victoria 
Gully, Castlemaine. 

Figs. 7, 8, 9.—Isograptus caduceus, var. victoriae, nov., C2. Victoria 
Gully, Castlemaine. Figs. 8 and 9 are very typical. The 
locality is Hall’s type Victoria Gully outcrop—“ spoil heap from 
a small mining shaft on the east side of the gully.” Ref. (9), 
p. 71. 

Fig. 10.—Isograptus caduceus, var. victoriae, nov., C2. South of Speci¬ 
men Gully, Barker’s Creek, Castlemaine. 

Fig. 11.—Isograptus caduceus, var. maxima, nov., C2-C1. Back road 
from Castlemaine to Barker's Creek. Smaller than typical var. 
maxima, but distinct from var. victoriae. 

Fig. 12.—Isograptus caduceus, var. maxima, nov. Cl. Bullengarook 
Slate Quarry, Allot. 43a, Bullengarook. Typical of variety. 
Fig. 13.—Isograptus caduceus, var. maximo-divergens, nov., Cl. Between 
Castlemaine Military Rifle Range and town. Typical, but by 
no means largest form. 

Fig. 14.—Isograptus caduceus, var. divergens, Harris, D3. Chinaman’s 
Creek, Muckleford. 

Fig. 15.—Jsograptus caduceus var. divergens, Harris, D3. Same locality. 

Shows straightcr stipes—a paracmic form of the variety. 

Fig. 16.—Isograptus caduceus, var. divergens, Harris, D3. 94 miles 16 

chs. on Axedale-Bendigo railway. A still more degenerate 
specimen of the variety. 

Fig. 17.—Isograptus caduceus, var. divergens, Harris, D3. Lancefield. 
Shows axilar film. (Coll. D. E. Thomas.) 
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Fig. 18.—Isograptus caduceus, var. divergens, Harris, D3. One chain 
west of loc. of Fig. 16. Shows exceptional thickening of 
proximal region. 

Figs. 19, 20.—Oncograptus upsilon, # var. biangulatus, D4. Lancefield. 

Two specimens from the same slab showing variation in length 
of biserial part. (Coll. D. L. Thomas.) 

Fig. 21.—Oncograptus upsilon, T. S. Hall, D5. Small quarry on Gis¬ 
borne Creek, west of loc. of Fig. 12. Typical of species, which 
at this locality has stipes 6 eras. long. 

Fig. 22.—Oncograptus upsilon, var. biangulatus, nov., D4. Same locality 
as Fig. 14. Showing very short biserial part and axilar 
film. The reverse of this showed that the shortness was not 
due to loss in splitting. 

Fig. 23.—Oncograptus upsilon, var. biangulatus, nov., D4. Same locality. 
Typical of the variety. 

Fig. 24.—Oncograptus upsilon, var. biangulatus, nov., D4. Juvenile form. 
Same locality. 

Fig. 25.—Cardiograptus morsus, H. and K., D3. Gisborne Creek, near 
Gisborne gold mine. Mature form of narrow variety. Com¬ 
pare with Fig. 24. As Oncograptus does not occur here, nor 
the narrow C. morsus at Chinaman's Creek, there is no doubt 
as regards identification. 

Fig. 26.—Cardiograptus morsus, D4. Same locality as Figs. 22-24. 
Typical wider form. 

Fig. 27.—Isograptus forcipiformis (Ruedemann), Dl. Allot. 19, Sect. 
III., Strathfieldsaye. Typical of Dl form of the species. 

Fig. 28.—Isograptus forcipiformis, D5. Ba71, Gisborne Creek. Four 

examples from the same slab, showing concrescence. 

Fig. 29.—Isograptus forcipiformis, D5. Same locality. Completely con- 
crescent form (Skiagraptus gnomonicus, H. and K.) 

Fig. 30.—Skiagraptus gnomonicus (Harris and Keble), D4. Willey’s 
Quarry, Macedon. Typical. (Coll. Harris and Thomas.) 

Fig. 31.—Isograptus caduceus, var. pertensa, nov., D—, Steiglitz (Loc. 

57Sz., junction of Brown’s Gully and Sutherland’s Creek). (Coll. 
W. H. Ferguson, Geol. Surv- No. 6719.) 

Fig. 32. Isograptus caduceus, var. horrida, nov., I)—, Lancefield- (Coll. 

D. E. Thomas, Geol. Surv. No. 31308. No. 31309 shows an 
example with stipes three times as long.) 

Fig. 33. Isograptus hastatus, n.s., sp. nov., D5. Same locality as 28 
and 29. Juvenile form. 

Fig. 34.—Isograptus hastatus, n.s., sp. nov., Cl. Allot, 2, Sect. 2, Yan- 
doit. Juvenile form showing resemblance to I. dutnosus 
(Fig. 39). 

Fig. 35.—Isograptus hastatus, n.s., sp. nov., Cl. Rae-street, Castlemaine. 

Fig. 36.—Isograptus hastatus, n.s., sp. nov., Cl. Sandy Creek-road, near 

Bagshot, Bendigo. Type. 

Fig. 37.—Isograptus dumosus, sp. nov., D5. Same locality as Fig. 28, 
Juvenile form. Cf., Fig. 41. 

Fig. 38.—Isograptus dumosus, sp. nov., D4. Same locality as Fig. 14. 
Juvenile form. 

Fig. 39.—Isograptus dumosus, sp. nov., D5. Same locality as 37. 

Typical mature form. 

Fig. 40.—Isograptus caduceus, var. velata, nov., D4. Same, locality as 
Fig. 38. Shows resemblance to I. dumosus and also to 

I. manubriatus. Compare also with specimens in Geol. Surv. 
Coll, of Thomas, No. 31331. Lancefield, Loc. LL—34. 

Figs. 41, 42, 43, 44.—Isograptus manubriatus (T. S. Hall), D4. Willey’s 
Quarry, Macedon. Growth stages showing typical “tuft” of 
proximal thecae, and variations of adult forms. The range 
of variation is too great to be illustrated. (Coll. Harris and 
Thomas.) 
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Fig. 45.—Isograptus ovatus (T. S. Hall), Dl. Turner’s Quarry, Parish 
of Bittern. Shows concrescent proximal part. 

Fig. 46.—Isograptus ovatus (T. S. Hall), Dl. 8 mile Stockyard, Howqua 
River. (Coll. Harris and Thomas.) 

Fig. 47.—Maeandrograptus tau, sp. nov., D5. Same locality as Fig. 28. 
Juvenile form. 

Fig. 48.—Maeandrograptus tau, sp, nov., D5. Same locality as Fig. 47. 
Typical form. 

Fig. 49.—Maeandrograptus tau, sp. nov., D4. Same locality as Fig. 42. 
Larger forms are found at this outcrop than elsewhere. 

Fig. 50.— ?Maeandrograptus aggestus, sp. nov., Cl. Same locality as 
Fig. 34. Doubtfully referred to this species, but possibly an 
immature I. dumosus. (CL, Fig. 52.) 

Fig. 51.—Maeandrograptus aggestus, sp. nov., Cl. Same locality as Fig. 
52. Type. 

Fig. 52.— PIsograptus dumosus, D5. Same locality as Fig. 28. For 
comparison with Fig. 50. 

Figs. 53, 54—Isograptus caduceus, var. tenuis, Cl. Same locality as 
Fig. 34. * 

Figs. 55, 58.—Isograptus caduceus, var. imitata, nov., Cl. Same locality 
as Fig. 34. 

Figs. 56, 57.—Isograptus caduceus, var. imitata, nov., Cl. McKenzie’s 
Hill, Castlemaine. 

Fig. 59.—Isograptus caduceus, var. imitata, nov., D5. Same locality 
as Fig. 28. Figs. 55-59, though showing differences from 
each other all represent paracmic forms echoing earlier varie¬ 
ties, particularly var. lunata, and are therefore grouped as var. 
imitata. 

Fig. 60.—Isograptus caduceus, var. victoriae, nov., C2. Same locality 
as Figs. 7-9. Juvenile form. Showing resemblance to var. 
primula. 

Fig. 61.—Isograptus caduceus, var.?, Dl. Rb29, Cobaw. Showing re¬ 
semblance to var. primula, though more compact. 

Figs. 62, 63.—“ Didymograpsus caduceus,” Salter. Line copies of Salter’s 
figures to illustrate original description by species (22). 

Figs. 64-67.—Didymograptus eocaduceus, sp. nov., B5. Campbelltown. 

Showing variation in form of rhabdosome. Fig. 66 is an 
exceptionally well preserved form compressed. (Coll. T. 
Smith.) 

Fig. 68.—Didymograptus hemicyclus, sp. nov., B5. Campbelltown. 

(Coll. T. Smith, and presented to Nat. Museum.) 

Bibliography. 

1. Bulman, O. M. B. On the Genotypes of the Genera of Graptolites. 

Ann. Mag. Nat . Hist. (10), iv., 1929. 

2. -. South American Graptolites. Arkiv f. Zoologi, K. 

Sven. Vetenskapsak, xxii., A. (3), 1931. 

3. - . On the Graptolites prepared by Holm. Ibid., xxiv., A. 

(9), 1932. 

4. Elles, G. L. Geol. Mag .. lxii., pp. 337-347, 1925. 

5. —-. The Graptolite Fauna of the Skiddaw Slates. Quart . 

Jour. Geol. Soc., liv., 1898. 

6. -. The Graptolite Faunas of the British Isles. Proc. 

Geol. Assoc., xxxiii., 1932. 

7. Elles, G. L., and Wood, E. M. R. Mon. Brit. Graps., 1901. 

8. Etheridge, R. Ann. Mag.'Nat. Hist. (4), xiv. (2), 1874. 

9. Hall, T. S. Geology of Castlemaine. Proc. Roy. Soc. Vic. (n.st), 
vii., 1895. 

-. Remarks on Didymograptus caduceus, with notes on 

its synonymy. Ibid, (n.s.), viii., 1896. 


10 . 







114 


W. J. Harris: 


11. -. Victorian Graptolites, Part 2. Ibid, (n.s.), xi. (2), 

1899. 

12. -—. Victorian Graptolites, Part 4. Ibid, (n.s.), xxvii. 

(1), 1914. 

13. Harris, W. J., and Keble, R. A. In Harris, Palaeontological 

Sequence of the Lower Ordovician Rocks of the Castlemaine 
District. Ibid, (n.s.), xxix. (1), 1916. 

14. -. Victorian Graptolite Zones. Ibid, (n.s.), xliv. (IV, 

1932. 

15. Keble. R. A., and Benson, W. N. Ordovician Graptolites of North- 

West Nelson. Trans. N. Z. Inst., lix., 1928. 

16. McCoy, F. Ann. Mag. Nat. Hist. (3), ix., 1862. 

17. -*-, Prod . Pal. Vic.> Dec. 2, 1874. 

18. Nicholson, H. A., and Marr, J. E. Notes on the Phylogeny of the 

Graptolites. Geol. Mag., Dec. 4, xi., 1895. 

19. Ripper, E. A. Distribution of Zones near Ingliston. Proc. Roy. Soc. 

Vic. (n.s.), xliv. (2), 1932. 

20. Ruedemann, R. Graptolites of New York, Part I. N.Y. State 

Museum, Mem. 7, 1904. 

21. -. Graptolite Zones of the Ordovician Shale Belt of New 

York, N.Y. State Museum, Bull, 227-228, 1919. 

22. Salter, J. W. Quart. Jour. Geol. Soc., ix., p. 87, Fig. 1. 

23. Tornquist, S. L. Lunds Univ. Arrskr., xxxvii., Aid. 2, No. 5, 1901. 

Explanation of Plate VI. 

All specimens are enlarged three times. 

1a-1i. Isograptus manubriatus (T. S. Hall, sp.). 

1b and lc, 1e and If show forms in about the same stage of 
development, but with long and short sicular regions. Both 
these varieties seem equally common. All from Willey’s Quarry, 
Slaty Creek, Macedon, except It, which is from an isolated 
slab about 1 mile west of old school site on the Main Divide, 

3 miles south of Woodend 1a-1h in Geol. Surv. Museum, li No. 
13803, Nat. Museum. (Coll. Harris and Thomas.) 

2a-2c. Isograptus dumosus, sp. nov. 

2a, Immature form (cf. 1e). 2b-2c, Mature forms. Left bank 

of Gisborne Creek (Ba71, Q.S., 6 S.W. Geol. Surv. Viet.), Gis¬ 
borne. In Geol. Surv. Museum. (Coll. W. J. H.) 

3. Skiagraptus gnomonicus (H. and K. ). Willey’s Quarry, Macedon. 

In Geol. Surv., Museum. (Coll. Harris and Thomas.) 

4. Didymograptus hemic veins, sp. nov. Campbelltown, No. 13797. Nat. 

Mus. (Coll, by T. Smith.) 

5a~5d. Maeandrograptus tau, sp. nov., Ba71. 

5a, Reverse side of type. 

5d, Holotype. No. 13798, Nat. Mus. 

5b, 5c, Forms with slightly different appearance. Geol. Surv. 
Museum. (Coll. W. J. H.) 

6. Maeandrograptus aggestus, sp. nov., or I. dumosus, sp. nov. 

Juvenile form showing turn of thecae and also thecal buds. 
Allot. 2 of Sect. 2, Yandoit. (Fa3, Q.S. 15, S.E. Geol. Surv. 
Viet.) Geol. Surv. Museum. (Coll. W. J. H.) 

7a-7b. Maeandrograptus aggestus, sp. nov. Obverse and reverse of 
type. Allot. 2 of Sect. 2, Yandoit. No. 13799, Nat. Mus. (Coll. 
W. J. H.) 

8a. Didymograptus eocaduceus, sp. nov. Allot. 16, Campbelltown. No. 

13800, Nat. Mus. (Coll, by T. Smith.) 

8b. Didymograptus eocaduceus. sp. nov. A smaller form, from same 
locality. Geol. Surv. Museum. (Coll. Harris and Thomas.) 
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The Fern Gully. 

[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. I., 1933.] 

Art. IX. — Ecological Studies in Victoria — Pt. II. The Fern 

Gully. 

By R. T. PATTON, D.Sc. (Melb.), D.I.C, (Lond.), M.IA 
(Harv.), F.R.H.S. 

[Read 13th July, 1933; issued separately 22nd December. 1933.] 

As in the case of the Cheltenham Flora(6) no attempt has 
been made to give to the well defined and distinctive associa¬ 
tion dealt with in this paper a name in conformity with the 
existing vogue(2) which ignores the fact that associations are 
primarily recognized by their vegetative characters. 

it is termed, temporarily, the Fern Gully association; it 
occurs particularly in the mountain country in the eastern half 
of Victoria, and is most luxuriant where the igneous plutonic 
rock granodiorite or its equivalent lava, dacite, forms the 
country rock. It is confined generally to the valley floors, and 
principally lies in the limit of the Mountain Ash forests which 
themselves are limited by the two factors, chemical composition 
of the rocks and high rainfall. The giant Eucalyptus regnans 
strictly does not form part of the association, but rather forms 
the boundary of it. In the shelter of this high forest the 
fern gully community reaches its greatest development. 

The Fern Gully community may be regarded as a remote 
outlier of tropical rain forest, on account of both its tropical 
composition and its structure, rather than as a temperate rain 
forest. It differs from the true tropical rain forest in its very 
limited occurrence and in the poverty of constituent species, 
particularly of Angiospermae. Nevertheless, it exhibits many 
characters which link it generically with the tropical rain forest, 
and it is therefore best to consider it as a species belonging to 
this ecological genus. An association in ecology holds the 
position of species in taxonomic botany. On account of its 
poverty in certain directions, it might, however, be placed in 
a genus closely allied to that of the tropical rain forest. 

The Habitat. 

Although the fern gully association is widespread in its 
distribution, the individual occurrences are very limited in size 
and are widely separated from one another. This is due to 
several limiting factors. It is, in the first place, limited by 
rainfall, occurring only within the 35-inch isohyet. Within 
this limit it is again largely restricted by the nature of the geo¬ 
logical formations, and within this limit again its development 
is affected by the physiography of the area. 
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The outstanding factor o.f the environment is perhaps the 
actual site occupied by this plant community. The term “ gully ” 
implies that the association is restricted to the floor of the 
valley. The ranges in which these fern gullies occur are deeply 
dissected, and upwards of 2,000 feet may occur between the 
valley floor and the crest of the range. At times this associa¬ 
tion may be found ascending almost to the top of the valley, 
as is the case at the Black Spur, where it reaches an elevation 
of nearly 1,900 feet above sea-level. 

In true tropical rain forest the plant community spreads itself 
over the hillside, and is not restricted by the contour. Here 
in these more southern latitudes, however, contour becomes an 
important factor in the development of the association. The 
valley floor is sheltered from the hot desiccating winds which 
blow so frequently during December to March. The valley 
is also sheltered from the cold winds which occur during the 
winter. There are, unfortunately, no weather-recording stations 
in the gullies themselves, but the presence of species of the 
very delicate Hymenophyllales and of Bryophyta indicates that 
the humidity is always high. Only on one occasion have these 
plants been seen in a wilted condition. However, there is 
even in the coolest recesses a microclimate for the Jowly 
•epiphytes just mentioned, for they are generally entirely absent 
from the northern side of the fern trunks as well as from the 
upper side when the ferns are inclined. 

The association is best developed where the bed rock consists 
of granodiorite or its equivalent lava, dacite. Although these 
two are chemically similar(5), the soils derived from them are 
entirely different. In the southern part of the State, the fern 
gullies are found in the valleys of Jurassic sediments which, 
however, are chemically similar to granodiorite and dacite. 
Areas of Silurian and Ordovician sediments are also found 
sharply contoured, but in these the fern gullies generally do 
not attain anything like the same development. The degree 
of development of the association depends partly on the soil, 
which is usually shallow and very clayey in the Silurian and 
Ordovician areas; whereas on the other rocks the soil is deeper 
and increases in depth along the slope towards the valley floor. 
Within the association itself, the soil becomes much intermixed 
with humus and decaying organic matter, and its water-holding 
capacity is accordingly very high. In the interior of the 
association, owing to the high humidity and consistently moist 
condition of the debris, wood-destroying fungi are abundant 
and the destruction of organic remains is always active. 

As in the case of true tropical rain forest, this association 
develops where there is an abundant rainfall. The fern gullies 
reach their full development in localities with rainfall above 
35 inches. As they occur only in the valley floors, the actual 
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effect of rainfall is accentuated by the drainage from the 
hillside. The drainage from the higher slopes is probably of 
more importance to the association than the actual rainfall 
itself. The rainfall for two stations is given in Table I.:— 

Table I.—Distribution of Rainfall over the Year. 


Station. 

Years of 
Record. 

January. 

February. 

efi 

April. 

Kay. 

J ime. 

July. 

*3 

3 

6C 

< 

September. 

October. 

November. 

December. 

Total. 

Black Spur 

| 1 1 1 1 1 1 

20 3*17 2* 99 3*94 3*99 6*66 6*40 0*60 

1 | 1 1 1 1 I 

6*99 

6*83 

6*56 

4*97 

4*52 

63*62 

Gembrook 

| | 1 1 1 

43 2*79 2*56 3*79 3*50 4*17 

4-59 4*30 

4-23 

4*69 

5*20 

426 

3*98 

48*06 


I am indebted to the Melbourne and Metropolitan Board of 
Works for the data of the Black Spur and to the Common¬ 
wealth Weather Bureau for that of Gembrook. The rainfall 
is generally of the winter type, but the wettest period does not 
coincide with the middle of winter. During the spring months 
a considerable amount of rain is received. The driest period 
occurs in late summer and autumn when, occasionally, the air 
is too dry for the tender epiphytes such as species of Hymeno- 
phyllales and of Bjyophyta. 

Although no climatic data are available for conditions within 
these associations, there is evidence that considerable differences 
occur within and without the association. In very cold weather 
the temperature is warmer within than outside, for when frost 
is thick upon the ground outside the association, there is no 
frost within. When the surrounding forest of Eucalyptus 
regnans is removed and the protection from the extremes of 
weather no longer exists, the association no longer retains its 
normal development. 

In the depths of the association where the epiphytes are 
abundant and where Australina Muelleri grows, light becomes 
a limiting factor. The canopy of the upper story is very 
much broken and considerable direct sunlight reaches the second 
story. This second stratum, however, is usually also not closed, 
and an appreciable quantity of light reaches the tree-fern 
stratum. This latter generally forms an effective barrier to 
sunlight, and under it the soil may be quite devoid of vegeta¬ 
tion. Where, however,' sufficient light does pass through the 
fern stratum to permit of carbon assimilation, the plant growth 
is exceedingly herbaceous and delicate. By means of photo¬ 
graphic apparatus it is estimated that where plant growth occurs 
on the ground stratum or on the fern trunks the light is ~ T 
of that in the open air. This value is less than that for some 
northern hemisphere forests. 
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Structure. 

The Fern <£ully is the most complicated association occurring 
in Victoria, and it is of particular interest because the usual 
sclerenchymatous character of our vegetation is not so apparent. 
The component strata of this association naturally interfere 
with light reaching the forest floor, and in addition, the sheltered 
location of a gully combined with the shelter of the giant trees 
of the surrounding Eucalyptus forest permits the growth of 
species that cannot exist elsewhere in these latitudes. 

The several stories are characteristic of the tropical rain 
forest, but the number of species here constituting the upper 
story is limited to five trees. These trees, however, are 
tall, with long slender trunks and with the crown restricted 
to the upper portion. The typical tropical characters of thin 
bark and buttress roots do not occur, nor are these trees as 
tall as those of the tropics. Two of the five. Acacia dcalbata 
and A. melanoxylon , occur in every individual representative 
of the association. Less frequent is Loin at ia Fraseri, which 
usually only occurs singly, never many together. Only in the 
most sheltered cases do we find Nothofagus Cunninghamii, and 
it is restricted to the areas of heavier rainfall. The fifth tree, 
Atherosperma moschatum , is never so tall as the others and 
might be considered as belonging to the second stratum. The 
shade of these trees varies considerably, that cast by Acacia 
dcalbata being very little on account of the exceedingly pinnate 
leaves and the small size of the pinnae. On the other hand, 
the Beech, Nothofagus Cunninghamii , and the Blackwood, 
Acacia melanoxylon , cast a deep shade. The foliage of Lornatia 
Fraseri is very open and produces very little shade, and in 
this respect is somewhat similar to Acacia dcalbata. The foliage 
of the Sassafras, Atherosperma moschatum, is comparatively 
dense. The crowns of this stratum do not form a complete 
canopy, and a considerable amount of direct sunlight falls on 
the • second story. 

In the second story are a great number of species, and these 
all have generally large leaves. On this account, and also on 
account of a more closed canopy, they cast a denser shade than 
the upper story. The members of this stratum might be re¬ 
garded perhaps as tall shrubs rather than as small trees. The 
number of individuals here is much greater than in the upper 
story, and this adds appreciably to the density of the forest. 
Among these are two composites, Ole aria argophylla and 
Bedfordia salicina, which are characteristic species of this 
association. Besides these there are two other composites, 
Cassima aculeata and C. Ion gif olio, which, however, are not 
always present. They belong rather to the fringe of the 
association. Another species of Compositae, Olearia lyrata, is 
sometimes present. Equally characteristic of the association 
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are Pomaderris ape tala, Prostanthera lasianthos, and Hedycarya 
Cunninghamii . Two members of this stratum, Coprosma 
Billardieri and Pittosporum bicolor , are less frequent, but both 
have a characteristic habit of commencing life as epiphytes. 
Both may be seen epiphytic on tree ferns, but as the trees 
grow in 'size so the fern is killed, and they then live as an 
ordinary terrestrial plant. Such epiphytism is common among 
species of Ficus in tropical forests. 

The trees forming this stratum do not form a continuous 
uniform layer, but are somewhat distributed and intercept the 
sunlight passing through the upper story. Even combined with 
the upper stratum they do not give a complete covering. 
Beneath the second stratum and therefore forming the third, 
occur the tree ferns Alsophila australis and Dicksonia antarclica, 
which are more concentrated in the bottom of the gully, and 
near the water. Alsophila australis is not confined to this 
association, and is found abundantly in the adjoining forest 
of Eucalyptus regnans extending from the floor of the valley 
to the crest of the ridge. In this adjacent association it is 
much taller, and may reach a height of some 50 feet. Where 
the valleys broaden, these two ferns may form a complete tree- 
fern society. These two species of ferns complete the shade, 
and it is only in odd places that sunlight reaches the valley 
floor. Their finest development is obtained only in the shelter 
given by the other two stories. When the protection they 
afford is destroyed the ferns never reach their accustomed 
development. Not so high as these and only occurring spas¬ 
modically is another tree-fern, Todea barbara. Where sufficient 
light penetrates the third stratum a large number of small 
ferns litter the ground in profusion. These form the lowest 
stratum. Among these is found an exceedingly succulent 
dicotyledon, Australina Muellcri , which belongs to the nettle 
family, hut is devoid of stinging hairs. It is exceedingly 
delicate, and occurs only in the most sheltered places. 

In such a multi-storied community, two characteristic tropical 
growth forms have the opportunity to develop, namely, lianes 
and epiphytes. Neither is rich in species. There are three 
true lianes, Lyonsia strati line a and Tecorna australis } both 
twiners, and Clematis aristata, which climbs by means of an 
elongated petiole. in all these three cases the climbing shoots 
when seeking support are spirally curved, the internodes are 
very elongated, hut the development of the leaves is retarded 
for several nodes hack from the apex. 

Besides these true lianes there are others which are designated 
as scramblers, since the climbing habit is not properly developed. 
Of these, Rubus parvifolius has the typical epidermal develop¬ 
ment of prickles, but of great interest is the grass, Tetrarrhena 
juncea , which possesses on the leaf sheath and on the stem 
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small spicules of the same form as rose prickles, but exceed¬ 
ingly small. These enable the grass to reach a height of up 
to 10 feet, and in places it may form an almost impenetrable 
mass. 

In the lower portion of the association epiphytes are in 
abundance, but here again the number of species is not great. 
Particular interest attaches to the fact that only one orchid is 
present as an epiphyte, Corysanthes dicmcnica, and this is found 
on tree ferns. It is a small perennial producing only one leaf 
each year. With this exception the epiphytes are wholly 
crvptogamic, the family Hymenophyllaceae being very well 
represented. Several of the ground species of Polypodiaceae 
may occur as epiphytes, and no sharp line of division can be 
drawn between epiphyte and terrestrial plant in these cases. 
Particularly abundant as epiphytes are two species of Poly- 
podium, P. diver si folium, and P. Billardicri. The first has a 
creeping rhizome which travels widely, and the long slender 
fronds droop gracefully from the tree ferns. 

A particular feature of the epiphytic flora of this association 
is the great development of the Bryophyta. Some hang in 
long Till and sia- like masses from the lower branches of the trees, 
but others as Umbraculum flabcllatum and Cyathophorum 
pennatum , are very densely developed on the tree ferns, par¬ 
ticularly towards the base. 


Composition. 

The composition of the Fern Gully community is important 
because it is composed of units which are also found in other 
communities differing widely from one another in their com¬ 
position taxonumicallv. This is due to the fact that the con¬ 
stituent species belong to unrelated plant provinces, and in the 
areas where the fern gullies occur they, overlap one another 
near the limits of their distribution. Associations such as these, 
which are ecologically distinctive, show the fallacy of a classi¬ 
fication on taxonomic principles. This may, it is true, be an 
extreme case; nevertheless, being so distinctive, it must fit a 
classification. The general physiognomy of the association at 
once suggests tropical relationships, and the majority of species 
are related to the tropical vegetation. This applies in particular 
to species of Filicales which constitute approximately 50 per 
cent, of the plants present, and especially to the genera Tricho¬ 
ma nes and Hymenophyllum , which reach their greatest develop¬ 
ment in the Indomalayan region. In addition to the ferns, there 
are dicotyledonous genera and families of tropical origin. The 
family Monimiaceae, to which one member of the upper stratum 
and one of the second belong ( Atherosperma, mosckatum and 
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Hedycarya Cunninghamii) , is, as is pointed out by Engler (4), 
an excellent example of an oceanic family which is characterized 
by a number of monotypic genera, of which Atherosperma is 
one. The main development of this family is in latitudes to the 
north of this area. The family Pittosporaceae, represented by 
one species, P. bicolor , is Australian except for the genus 
Pittosporum, which is very widespread in tropical countries, and 
which is comparable in the peculiarity of the distribution of its 
species to the genera of Monimiaceae. 

The family Rubiaceae, tropical in so far as its woody members 
are concerned, is here represented by Coprosma BUlardieri, a 
not very tall shrub. On the margins of this association are 
herbaceous species of this family. Two of the lianes, Lyonsia i 
sir amine a (Apocynaceae) and Tecoma australis (Bignoniaceae) 
belong to families that are essentially tropical. A third, Clematis 
aristata, is a mostly tropical genus, although the family Ranuncu- 
laceae is generally temperate in its distribution. It will be noted 
that the species constituting the ground stratum, the tree ferns, 
the lianes and epiphytes, as well as some species of the second 
story, are of tropical origin. These occupy the more sheltered 
positions in this plant community. With the exception of 
Atherosperma moschatum the upper story is not derived from 
the tropics. 

In striking contrast to this strong tropical element, there is a 
representative of the so-called antarctic element, Nothofagus 
Cunninghamii (Fagaceae). This genus extends from Victoria 
to South America through Tasmania and New Zealand. This 
tree is not universally present in all individual members of this 
association, but only where the rainfall is higher and the valleys 
more sheltered. The genus Lomatia (Proteaceae) also extends 
to South America, but it belongs to a family which is essentially 
xerophytic in habit, and which reaches its greatest development 
in Australia and South Africa. It is surprising that there should 
be a genus of this family common to South America, where it 
is feebly represented, and Australia, while not a single genus 
is common to South Africa and Australia. The other two trees 
of the upper stratum are both species of Acacia, A. de alb at a, 
and A. mela.no.vylon, the latter belonging to the phyllodinous 
group of the acacias to which the majority of Australian species 
belong. This genus while being widely developed in Australia 
is also strongly represented in South Africa. The species of 
Acacia and of Proteaceae really constitute an Austro-South 
African group. 

In addition to these three elements there is also a purely Aus¬ 
tralian element which is represented by members of the second 
stratum as Olearia argophylla, Bedfordia salicina, and Prostan- 
thera lasianthos. 
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TABLE II. 


Species Found Commonly Occurring in the Fern Gully Association., 


PTERIDOPHYTA. 
Filicales : 

Hymenophyllaceae 


Cyatheaceae 

Polypodiaceae 


Lycopodiales : 
Psilotaceae 


Trichomanes venosum 
Hymenophyllum australe 
H. flabcllatum 
H. tunbridgense 
Dicksonia antarctica 
Alsophila australis 
Dryopteris deeomposita 
D. punctata 
Polystichum aculeatum 
P. adiantiforme 
Davallia dubia 
Denustaedtia davallioides 
Athyrium utnbrosum 
Asplenium flaccidum 

A. bulbiferum 
Blecbnum cartilagineum 

B. Patersonii 
B. discolor 

B. lanceolatum 
B. capense 
B. fluviatile 
Pellaea falcata 
Adiantum aethiopicum 
Pteris tremula 
Histioptcris incisa 
Pteridium aquilinum 
Polypodium Billardicri 
P. diversifolium 
P. gramitidis 

Tmesipteris tannensis 


SPERMAPHYTA. 
Monocotyledonae : 
Gramineae 

Cyperaceae 
Liliaceae 
Orchidaceae 
Dicotyledonae : 

Fagaceae 

Urticaceae 

Proteaceae 

Ranunculaceae 

Monimiaceae 

Pittosporaceae 

Rosaceae 

Leguminosae 

Rhamnaceae 

Araliaceae 


Tetrarrhena juncea 
Glyceria dives 
Lepidosperma elatius 
Dianella tasmanica 
Corysanthes diemenica 

Archichlamydeae 

Nothofagus Cunninghamii 
Urtica incisa 
Australina Muelleri 
Lomatia Fraseri 
Clematis aristata 
Hedycarya angusti folia 
Atherosperma moschatum 
Pittosporum bicolor 
Rubus parvifolius 
Acacia melanoxylon 
A. dealbata 
Pomaderris apetala 
Tieghemopanax sambucifolius 
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Apocynaceae 

Labiatae 

Bignoniaceae 

Rubiaceae 

Compositae 


Mctachlamydeae 

Lyonsia straminea 
Prostanthera lasianthos 
Tecoma australis 
Coprosma Billardieri 
Olearia argophylla 
Bedfordia salicina 
Cassinia longifolia 
C. aculeata 
Olearia lyrata. 


Leaves. 


(a) Size and Form. 

In comformity with the general features of tropical associa¬ 
tions the leaves of this plant community are comparatively large 
and are in striking contrast to those of the Cheltenham Flora(6). 
They are, however, small in comparison with plants of the tropics. 
In Tabic III. is given a classification of the leaves of the 
dicotyledons given in Table II., according to the system of 
Raunkaier(7). Idle leaf sizes are as follows:—Leptophyll, less 
than 25 sq. mm. in area; Nanophyll, from 25 sq. mm. to 
9 X 25 sq. mm.; Microphyll, from 9 X 25 sq. mm. to 9 2 X 25 sq. 
mm.; and Mesophyll from 9 2 X 25 sq. mm. to 9 3 X 25 sq. mm. 


TABLE III. 

Classification of the Leaves according to Raunkaier. 

Per cent. 

Leptophyll .. .. .. 9 

Nanophyll .. .. .. 18 

Microphyll .. .. .. 45 

Mesophyll .. . • .. 27 

Under Raunkaier’s scheme the leaflets of compound leaves 
are considered as true leaves, and on account of this the first 
class, Leptophyll, has a higher percentage than would be the case 
if the area of the whole leaf was considered. There is only one 
true leptophyllous plant present, Cassinia aculeata, and even this , 
possesses leaves which pass into the next class. In the Chel¬ 
tenham Flora, a true xerophytie community(6), the leaves are 
almost exclusively leptophyll and nanophyll. Bews(l) has given 
another method of classification, using length as a criterion, as 
follows:—Under 1 inch, 1 to 3 inches, and over 3 inches. Bews 
finds that in particular fossil beds and in the tropics to-day leaves 
of over 3 inches in length predominate. In this association the 
percentage of each is given in Table IV. 

TABLE IV. 

Classification of Leaves according to Length. 

Per cent. 

Under 1 inch .. .. .. 18 

From 1 to 3 inches .. .. 18 

Over 3 inches .. .. .. 65 
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In the above, compound leaves have been omitted. The pei- 
centage of leaves over 3 inches in length is comparable to those 
given by Bews, but it must be pointed out the number of species 
in this association on which the percentage is calculated is very 
low. 

Associated with size of leaf in tropical and in fossil angio- 
sperms is the entire margin(l). In the case of this association 
the comparison with the other floras is not maintained, for the 
majority either have serrate margins or are compound leaves. 
Of the Dicotyledons given in Table II., only 36 per cent, have 
entire margins, and among these is included Acacia mela/noxylon, 
which in the adult condition possesses only phyllodes. Only one 
species, Pittosporum bicolor , of the two upper strata possesses 
a true entire leaf. 


(b) Structure . 

Bews(l) has noted the fact that the coriaceous or leathery 
leaf is typical of tropical and primitive vegetations. In the 
association this character is no exception. The same author has 
stressed the point that coriaceousness is in no way to be 
associated with xerophytism. Although the leaves of this 
association are predominantly coriaceous they nevertheless 
contain a far higher percentage of water than leaves of the 
typical xerophytic heath flora. A comparison of the average 
percentage moisture calculated to the dry weight of ten repre¬ 
sentative species in this association shows a value of 220 per 
cent., as compared with 127 per cent, for that of the Cheltenham 
flora. Some leaves contain a very high percentage of water, as 
for instance Bedfordia salwina, which has a value of 355 per 
cent. 

x\part from this coriaceousness there are, however, other 
characters present which are usually associated with xerophytes. 
The leaves of Bedfordia salicina , which has the highest percen¬ 
tage of moisture, are so covered with long woolly hairs on the 
underside that the name Blanket-wood is applied. Another 
species of Compositae which has a thick covering of hairs on the 
underside is Olcaria wrgopliylla. In Coprosma BiUardiera the 
leaves are small and the lateral branches end in spines. However, 
although such characters are present, the plants possessing them 
cannot be regarded as xerophytes. 

Just as there are external features reminiscent of xerophytes 
so there are internal structures. Hypodermis is present in 
Olearia argophylla and Hedycarya Cunninghamii , both of these 
trees occurring in the second story. Double palisade layer is 
also present in a great number of species. The cuticle of the 
leaves is on the whole not very thick, but in Atherosperma it is 
as wide as the epidermal cells. 
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In plants of the lower strata there are members which have 
no protection at all. The outstanding examples are two species 
of Hymenophyllaceae where the leaves are only one cell thick. 
These plants are exceedingly delicate, and again in Ausirdina 
Muelleri, which has nearly 500 per cent, of moisture calculated 
to dry weight, there is a structure quite different from the 
normal. In this there is a single layer of palisade, but the spongy 
mesophyll is not normally developed. The upper epidermis is 
very large, almost as wide as the palisade cells, but is exceedingly 
thin walled. 


Discussion. 

The presence in this association of so many plants with tropical 
affinities, and its general tropical features associated with the 
presence of floral elements from other sources, draw attention 
to the fact that the composition of plant communities to-day is 
the outcome of agencies not only of the present day but also of 
the geological past. The growth forms present, trees, lianes, and 
epiphytes, are not only tropical, but are also geologically old. 
Such growth forms are the outcome of the environment. 

From the close of the Cretaceous epoch to late Tertiary times 
the climate of the earth was mild, and subtropical influences 
were felt far beyond the present limits of the tropics(3). 
Naturally, with this climate was associated a flora of tropical 
affinities. In this climate developed the angiospermic flora, but 
the degree of variation and development was limited by the 
uniformity of conditions(1). The wide variation of climate 
that exists to-day is associated with growth forms, plant com¬ 
munities, and their constituent species, that could not have 
existed under the moist warm uniform conditions of the. earlier 
part of the Tertiary era. This ancient angiospermic flora 
possessed certain primitive characteristics which have persisted, 
and which are still present in the tropical floras of to-day. 

Besides the growth forms already mentioned, there occur also 
in this association other tropical features. Woodiness, which is 
a primitive character, for example, extends to those families of 
the Metachlamydeae, Compositae, and Labiatae, in which her¬ 
baceousness is such a conspicuous feature. In the two grasses 
present there are characters which are not usually associated 
with species of this family in these latitudes. I he tribe 
Festuceae, which Bews(l) regards as primitive, is here repre¬ 
sented by Glyceria dives, a grass in which the habit of tallness 
is strongly developed. This grass has very broad leaves and is 
several feet high. In the other, Tetrarrliena juncea, the climbing 
habit is developed. 

When the climate became cooler in late lertiary times there 
was a contraction of this flora towards the tropics, leaving behind 
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here and there, in favorable locations, residual portions of this 
once widespread primitive vegetation. In the particular areas 
where the fern gullies occur, there is an absence of the extremes 
of temperature found in comparable latitudes in other parts of 
the world. One requirement of tropical vegetation that lias 
remained very favorable is the moist condition of the environ¬ 
ment. The location of the association at the foot of the valley 
protects it from desiccating winds, hot or cold. The moist 
atmosphere, moist soil, and absence of low temperatures, are 
sufficient to permit this remnant of a past flora to persist. But 
a short distance from these areas, conditions of environment; 
are so changed that not one factor remains favorable to the 
development of this primitive type. Thus fern gullies are per¬ 
sisting in latitudes in which the plant types are generally modern. 
In any residual, naturally there will not be the same richness 
of the original flora, and so the poverty of species can be 
explained. These gullies occupy but a very small fraction of 
the area in which they occur, since they depend upon a favorable 
combination of soil, contour, and rainfall. As time passed and 
the environment became less and less favorable to the original 
primitive flora, so vegetative characters and the habits of plants 
changed, and new species made their appearance. The response 
of the plant to the changed conditions of the environment* 
physiographic, climatic, and biotic, is seen in the types which are 
so characteristic of the Australian flora as a whole. There is 
a marked absence in the fern gully of such typical Australian 
families as Myrtaceae, Casunrineae, Goodeniaceae. Epacridaceae, 
Dilleniaceae, Stylidiaceae, as well as many characteristic genera. 
The changing conditions have brought with them changes in the 
composition of the one-time true tropical association. It would 
be expected that some members of the floras arising would be 
found to associate themselves with the old flora. Both Acacia 
melanoxylon and Lomatia Frascri belong to plant groups which 
produce characteristic xerophytes. Both belong in the upper 
stratum of the association. The phyllodinous Acacias, to which 
Acacia melanoxylon belongs, are an almost endemic Australian 
group, and are abundantly present in very dry areas, extending 
even right out into the desert regions. Proteaceae is richly 
developed in the xerophytic areas of Australia. 

The true southern member of the upper stratum of the associa¬ 
tion, Nothofayus Cunninghamn, has undoubtedly moved into this 
association on account of the cool moist condition of the habitat. 
It is a true temperate rain-forest tree. In this plant community 
it finds a common link with the tropical members in the favorable 
moisture conditions. As regards temperature the tropical repre¬ 
sentatives grow side by side with the antarctic because of the 
lack of extremes; it is never too hot for the antarctic, nor too 
cold for the tropic. 
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The presence of such characters as spines on Coprosma 
Billardieri and abundant hairs on members of Compositae, 
features which one usually associates with xerophytes, in an 
association dependent upon abundant moisture, can be explained 
only on the basis either that such characters have arisen due to 
the steady variation of climate in regard to amount of rain 
received, or that plants possessing these characters in the drier 
areas have become associated with this remnant of a once 
widespread association. 
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Art. X. A Practical Application of Photoperiodic Response to 
Plant Breeding Methods at the State Research Farm, 
IVerribee. 

By ALAN R. RAW, M.Agr.Sc. 

(Cereal Geneticist, Department of Agriculture, Melbourne.) 

[Read 10th August, 1933; issued separately 7th May, 1934.] 

I. Introduction. 

Since the discovery by Garner and Allard(2, 3, 4) of the 
phenomenon of photoperiodic response, the subject has been 
investigated and developed rapidly in many directions, until, at 
the present time, it has assumed a practical importance to the 
plant breeder. Extensive reviews of the literature on the 
subject have been written by Kellerman(6), Redington(8), 
Schick (9), and others, and obviate the necessity of any general 
introduction here. Numerous workers, including Oden and 
Rasmusson(7), Tschermak(ll), Schratz(lO), and Harring- 
ton(5), have recorded the production of two generations of 
plants in one year, by the use of artificial illumination. The 
purpose of this paper is to indicate the methods adopted at the 
Victorian State Research Farm, Werribee, to obtain three 
generations of wheat and barley hybrid material in twelve 
months. Under conditions of normal daylight prevailing in 
the southern States of Australia, the production of two genera¬ 
tions of cereals in one year is possible, and is the accepted prac¬ 
tice in South Australia at the Waite Research Institute and at 
Roseworthy Agricultural College, and in Victoria at the State 
Research Farm, Werribee. At the last-mentioned station 
(lat. 37° 54' S.), the summer day exceeds fifteen hours from 
late November to late January, and enables material sown in 
early December to develop rapidly and mature fully in ample 
time for sowing during the normal seeding months of May and 
June. This treatment is normally applied to first generation 
material. 

II. Experimental. 

During 1930-31 it was decided to attempt the production of 
an extra generation in the period February to June, by sub¬ 
jecting the plants growing during this period to artificial 
illumination sufficient to give them the equivalent of a sixteen- 
hour day, a possibility suggested by the work of Forster and 
co-workers (1) on the photoperiodism of wheat varieties. 

It was obvious that the adoption of such a course would neces¬ 
sitate the harvesting of the grain in an immature condition in 
the first and second generations, and in view of this, series of 
tests were made to determine the effect of such harvesting on 
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the germination of the grain. Samples of Pryor barley were 
harvested in two stages of development, air-dried for twelve 
days, and subjected to laboratory germination tests. 


Table I.— Barley Germination Test. 


Stage of Grain When Harvested. 

Per Cent. Germination at— 

48 Hours. 

72 Hours. 

96 Hours. 

168 Hours. 

216 Hours. 

I. Milk stage 

IT. Dough stage 

Number of 

60 

0*5 

grains per 

22-8 

27 0 

sample, 

340 

51-5 

too. 

43-5 

72-5 

56-8 

81-5 


The results given in Table I. indicated that a satisfactory 
germination could be obtained from barley harvested in the early 
stages of maturity. 


A test with the wheat variety, Free Gallipoli, yielded similar 
results, which are shown in Table II. Grain was harvested in 
five stages of development, air-dried for fourteen days, and 
germinated. A satisfactory germination was obtained only in 
the case of sample V. The results indicated that the early 
dough stage was probably the earliest at which wheat could be 
harvested to ensure a satisfactory germination in the following 
generation. 


Table II. —Wheat Germination Test. 


Stage of Grain When Harvested. 


Per Cent. Germination at— 


72 Hours. 

120 Hours. 

168 Hours. 

240 Hours. 

336 Hours. 

I . Grain half formed 



3-0 

3*1 

12-5 

II. Grain two-thirds formed . . 




8*3 

23-3 

III. Three-quarters formed 

io 

io 

5-7 

15-5 

30-1 

IV. Fully formed, milk stage .. 

1*0 

3-0 

14-0 

33*0 

51-0 

V. Fully formed, dough stage 4-6 

Number of grains per 

14-6 

sample, 3 

46-0 

50-400. 

82*8 

95*4 


During the two years in which the experiments have been in 
progress, the progeny of five different barley matings were 
successfully carried through three generations (FI, F2, and 
F3 plants) in one, year. In addition, three generations of the 
wheat variety Rajah were produced during 1930-31. The 
behaviour of the three barley hybrids, and the wdieat variety 
Rajah, comprising the 1930-31 material, is summarized in Table 
III. In the case of the hybrids, matings were made in the 
field on 2nd October, 1930, and the treated ears were harvested 
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seven weeks later, the grain being fully developed and hard. 
After being air-dried for eleven days, the FI was sown in the 
plant-breeding cage on 1st December. Germination was rapid, 
and was complete by 10th December. All plants were in ear 
by 16th January, 1931, the time required from germination to 
heading being from 35 to 39 days. The first batch of plants 
was harvested on 5th February, when the grain was fully formed 
and in the dough stage. A second batch was taken twelve days 
later when the grain was just colouring. Both lots of plants 
were air-dried, the first for fourteen days, the second for six. 
The grain from these was sown in the cage on 19th and 23rd 
February. Germination was complete by 28th February in the 
first case, and from this date until harvest, 89 days later, all 



DEC JAN FEB MAR APR MAY JUN JLY AUC SEP OCT NOV DEC 

1930 1931 

Fig. 1. — Barley Matings, 1930-31. 

plants were subjected to an additional daily period of illumina¬ 
tion to bring the total “ length of day ” up to sixteen hours. 
The lighting system was automatically controlled by -means of 
a clock which enabled the extra illumination to be applied in the 
mornings. Again, the plants were harvested in an immature 
condition, after the grain was fully formed; they were then 
air-dried for sixteen to twenty-one days. The F3 families were 
sown in June in the field, where they developed normally and 
matured in December. The general behaviour of these three 
generations, in relation to the conditions of normal daylight 
prevailing at Melbourne throughout the year, is represented 
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graphically in Figure 1. The wheat variety Rajah behaved in 
a manner essentially similar to that of the barleys except that 
the time required for development was rather longer. 

The 1931-32 material consisted of the progeny of two barley 
matings. These were effected in the field on 27th Octoer, 1931, 
harvested 34 days later in the late dough stage, and sown in the 
cage on 1st December. As was the case of the 1930-31 material, 
the F2 was the only generation to receive artificial light. Oven¬ 
drying of the seed was substituted for air-drying in this 
generation, and resulted in a saving of several days between F2 



DEC JAN FEB MAR APR MAY JUN JLY AUC SEP OCT NOV DEC JAN 

1931 1932 1933 

Fic. 2.—Barley Matings, 1931-32. 

and F3. The behaviour of this material (Table IV.), was 
essentially similar to that of the previous season, and three 
generations were again obtained in the year. The results are 
represented graphically in Figure 2. 

III. Discussion. 

The outstanding feature of the experiment was the marked 
response of the F2 plants to long day conditions. In all cases 
the time required from germination to heading, by plants in 
this generation, was approximately the same as in the FI grown 
under the normal summer day of fifteen hours. On the other 
hand, F3 plants in the field receiving an average of only twelve 
hours daylight, required from two to three times the number of 
days to develop. It is thus obvious that length of day is a 
major factor influencing time of flowering in the varieties under 
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consideration. In its relation to the maturity of the grain, 
however, photoperiodism is of definitely lesser’ importance, and 
is superseded by temperature as a major factor. The results 
have indicated striking differences in the time required by the 
plant to mature its grain, the most rapid development occurring 
in the case of the FI grown during the summer months when 
the temperature is high. In the case of the F2, which develops 
a few months later when the average daily temperature is 
decreasing, it is doubtful whether complete maturity could be 
accomplished. At this time the grain develops rapidly until it 
is fully formed, but the final stages of drying out and hardening, 
accompanied by the change in colour, are definitely retarded. 
For this reason harvesting in an immature condition must be 
resorted to. 

One of the most striking features of the experiment was 
furnished by the barley hybrid material, the F2 plants of which 
exhibited marked degrees of individual response to long day 
conditions. These responses were most marked in the case of 
the 1931-32 hybrids, probably on account of the great differences 
in the length of growing period characteristic of the parent 
forms under normal conditions. In one culture of 30 plants, 
22 responded to long day conditions, suggesting a single-factor 
difference for this character. 

Other points of interest were the production of twin grains 
and of branching stems by some of the plants grown under the 
intensive conditions. Neither of these characters was inherited. 

The necessity of harvesting the plants in an immature con¬ 
dition, and the fact that the scope of the work is limited by the 
area under controlled lighting, furnish the two most serious 
drawbacks to the scheme, which is however of definite value 
in special cases. 

It is essential that this method of accelerating breeding 
operations be confined to the early generations, since it will be 
realized that the selection of desired types is impossible under 
the artificial environment induced by controlled lighting. By 
growing the FI in summer, subjecting the F2 to controlled 
lighting, and selecting in F3 under field conditions, it is possible 
to produce homozygous F4 selections for sowing the following 
year, thus effecting a saving of two years in the breeding 
programme. 

In conclusion, the writer wishes to record his indebtedness to 
Mr. H. A. Mullett, Director of Agriculture, Department of 
Agriculture, Victoria, under whose supervision the work was 
conducted, and to Professor S. M. Wadham, School of Agri¬ 
culture, University of Melbourne, for his helpful criticism and 
suggestions. 
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Table IV.—Barley, Three Generations, 1931-32. 
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Art. XI. — Australia's Antarctic Dependency. 

By J. K. DAVIS. 

[Read 14th September, 1933; issued separately 7th May, 1934.] 

The history of the eastern coast of Australia begins with the 
first voyage of Lieut. James Cook in the Endeavour. The 
history of the great land which surrounds the South Pole may 
also be said to begin with Commander James Cook, whose second 
voyage with the Resolution and Adventure is remarkable for 
three achievements— 

1. The crossing of the Antarctic Circle for the first time 

in history, on 17th January, 1773. 

2. The high latitude reached by the Resolution , 71° 10' S., 

in longitude 106° 54' W., on 30th January, 1774. 

3. The circumnavigation of the globe in a high southern 

latitude with its revelation that the Great South Land 
did not, as believed by the map makers of that time, 
extend into the temperate regions. 

Cook’s account of what he observed (during his three years’ 
voyaging in Antarctic Seas) forms depressing reading, but his 
description may still be accurately applied to Antarctica as it 
is known to-day: “ Countries condemned to everlasting rigidity 
by Nature, never to yield to the warmth of the sun; for whose 
wild and desolate aspect I find no words; such are the countries 
we have discovered; what then may those resemble which lie 
still further to the South?” 

With the passing of the Australian Antarctic Territory 
Acceptance Act in June, 1933, by the Parliament of the Common¬ 
wealth of Australia at Canberra, we reach a new stage in the 
history of this portion of the South Polar regions; it marks 
the culmination of the progress made in this area since Cook’s 
time by explorers of many nations, who have sought to unveil 
one of the. last hidden portions of this world of ours. 

The area over which the authority of the Commonwealth has 
recently been proclaimed is about half that of Australia itself; 
extending from the meridian of 160° E., the western boundary 
of the New Zealand (Ross) Dependency, to 45° E., it has a 
coastline measured along the Antarctic Circle of about 2,600 
miles. It includes Oates Land in the east, and extends through 
King George V. Land, Wilkes Land, Queen Mary Land, Wilhelm 
Land, Princess Elizabeth Land, Kemp Land, and MacRobertson 
Land, to Enderby Land in the west. 
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The Australian sector is divided into two portions by Adelie 
Land, which was discovered by Durmont d'Urville in 1840 and 
was constituted a French Dependency by a decree signed by 
President Millerand in 1924. With a coastline of 130 miles, 
the French territory extends from longitude 142° E. to 1364° E. 
Cape Denison, the site of the main base of the Australasian 
Antarctic Expedition of 1911-1914 under Sir Douglas Mawson, 
is situated in longitude 142° 40' E., and is therefore within the 
Australian territory, some 16 miles from the eastern boundary of 
the French Dependency. Fifteen hundred miles of stormy ocean 



separate the south coast of Tasmania from Antarctica, and it 
is then over 1,400 miles from the coastline of the continent to 
its central point, the South Pole, where it attains an elevation 
of 10,000 feet. 

It may be asked, what does this Antarctic Land look like? The 
fact is that, except in a very few places, the land cannot be seen, as 
it is completely covered by an immense shield of ice which flows 
outward and downward from a vast inland plateau to the sea¬ 
board, where it terminates in vertical coastal ice cliffs. Over 
considerable distances of the coast this huge continental glacier 
extends seawards in the form of glacier tongues and shelf ice. 
















Australia s Antarctic Dependency. 
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Except for very occasional nunataks, which protrude from the 
marginal slopes of the glacier, the only visible land is where the 
ice cliff has receded and exposed, in the form of islands or 
small coastal areas, the rock it has previously covered. In 
Enderby Land, some rocky mountain summits emerge and arc 
not now covered by the overwhelming ice flood. Constantly 
swept by icy winds, in winter shrouded by total darkness, the 
new territory is a land of desolation, and but for the whales, 
seals, penguins, and other birds, which thrive upon the abundant 
marine life in the surrounding seas, might be described as 
lifeless. 

it is not intended to recount here the history of the exploration 
of this portion of the earth's surface, except to recall that the 
first land to appear on the map of what is now known as the 
Australian Dependency of Antarctica was named by John 
Biscoe (a retired Master R.N.), who, in 1831, while engaged 
on a sealing voyage, discovered Enderby Land. Biscoe had two 
small vessels under his command, the brig Tula of 150 tons, 
manned by 17 men, and the cutter Lively of 50 tons, manned by 
10 men, both owned by Messrs. Enderby, of London. W hat 
stout fellows these old time seamen were may be gathered when 
reading the brief record of their doings from Biscoe’s log, 
which is now in possession of the Royal Geographical Society 
of London. 

The account of Biscoe’s voyages, given by Dr. H. R. Mill, in 
The Siege of the South Pole( 1), is based on this log. Land, 
now known as Enderby Land, was sighted on 28th February, 
1831, from latitude 66° S. and longitude 47° 20' E. A 
prominent headland, named Cape Ann, was approached and its 
approximate position fixed as 66° 25' S. and 49° 18' E. Just 
as it seemed certain that the land could be reached a south¬ 
easter burst upon the ships, which became separated. After 
five days’ battling against a hurricane, Biscoe again turned south¬ 
wards in the Tula and again sighted Cape Ann on 16th March. 
He was, however, unable to reach the land and, being forced to 
retire, eventually made Hobart on 10th May, 1831. 

After the Lively was separated from the Tula in the storm 
off Cape Ann, she eventually reached Port Phillip after the 
ship’s company had been reduced from ten to three, including 
a boy whose hand had been crushed by a boat falling on it. On 
landing in Port Phillip they nearly died of starvation and the 
cutter drifted away. She, was found ashore after a fortnight, 
and the party reached' the Derwent on 3rd September to meet 
the Tula coming out. Biscoe then put back and waited until 
the Lively was refitted and her crew restored to health, before 
pursuing his southern voyages. 
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Further particulars of the adventures of the Lively are to be 
found in a report in the Hobart Town Courier on 17th Septem¬ 
ber, 1831(2). As these particulars are not readily accessible and 
as Port Phillip is connected with the events, it seems pertinent 
to quote the following extract:— 

“ On parting company in the ice previous to making for this 
port for refreshment, this little vessel ( Lively) reached Port 
Phillip with the greatest difficulty, near the entrance of Western 
Port, having on board only three individuals surviving out of a 
crew of ten men from the effects of scurvy and disease consequent 
upon it. So dreadful was the situation of these unfortunate 
men, that the bodies of two of the number who died below 
deck could not be got up for several days to be thrown overboard, 
the survivors being so reduced by sickness and infirmity as to 
be totally unable to perform the painful task. As last the 
master, partially recovering his strength, contrived to make a 
rope fast round their bodies, and by the help of the tackle 
succeeded in hauling up first one and then the other, and 
launching them into the deep. On making the. land at Port 
Phillip(3) the survivors, after bringing the. vessel to anchor, 
managed to get on shore in the boat with some provisions, where 
after some considerable, time they gradually recovered. Mean¬ 
time, however, a gale coming on drove the little bark from her 
anchor during the night up the inlet many miles out of sight. 
Their situation then became truly forlorn(4), their hope of 
regaining a civilized part of the country being torn from them. 
Having taken note, however, of the direction in which the wind 
blew when the vessel disappeared, as soon as they had recovered 
sufficient health and strength they contrived to travel along the 
shore, keeping the water always in view, until after a weary 
journey of nearly 40 miles they had at last the satisfaction to 
see the object of their pursuit stranded, but otherwise uninjured, 
on the beach. On a nearer approach, however, they found her 
beset by a tribe of blacks, busily engaged in plundering her. 
Here were their difficulties and dangers renewed afresh, but 
being fortunately furnished with guns and ammunition they at 
last succeeded in driving them off and regaining possession of 
the vessel, although we have not been able to learn the particulars 
of the rencontre. They at last managed, with almost inconceivable, 
labour, to refit and launch her again into the deep, and ultimately 
to navigate her to Bull Bay, in the Derwent, where the, Tula 
happily fell in with her.” 

A further notice in the same paper on 8th October, 1831, 
reads : “ Sailed this morning, the discovery ship Tula with her 
tender Lively, in prosecution of her voyage through the South 
Seas.” 
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Art. XII .—The Tertiary Sands and Older Basalt of Coburg, 
Pascoe Vale, and Campbell field, Victoria. 

By WALTER HANKS. 

[Read 14th September, 1933; issued separately 7th May, 1934.] 

1. Introduction. 

The area dealt with in this paper comprises part of the 
northern suburbs of Melbourne, and includes the City of 
Coburg, the south-western portion of the Shire of Broad- 
meadows, and the western portion of the City of Preston. 

The area has been mapped previously, and is shown on 
Quarter-sheets Nos. 1N.W., 1N.E., 2S.W., and 2S.E. of the 
Victorian Geological Survey. 

Portions of the older basalts have been mentioned by T. S. 
Hart(2) and R. A. Keble(3), and petrological descriptions 
given by E. W. Skeats(6) and D. M. McCance(4). The geo- 
logy east of Sydney-road, Coburg, is described by G. A. Cook( l) 
and R. B. Pretty(5). Re-mapping has been aided by numerous 
sewerage excavations, and has revealed considerable modifica¬ 
tions in the geological boundaries as shown on the Quarter- 
sheets. Outcrops of Older Basalt have been altered and ex¬ 
tended, Silurian and Tertiary inkers are shown in the Newer 
Basalt at Coburg, while the sands and clays at Campbellfield 
have been recognized as pre-Older Basalt, instead of Newer 
Pliocene as on the Quarter-sheet. 

2. Physiography. 

The area is for the most part a plain. It is composed of 
Silurian, Older Basalt, Tertiary, Newer Basalt, and Pleistocene 
rocks, and slopes from 400 feet in the north to 190 feet in the 
south. 

Towards the western boundary the plain is dissected by the 
wide and deep valley of the Moonee Ponds Creek, and in its 
eastern portion by the comparatively narrow and shallow valleys 
of the Merri Creek and Edgar’s Creek. 

The central portions of the area are dissected by three inter¬ 
mittent streams which rise in areas of Tertiary rock. Dry 
Creek rises in the Northern Golf Links, Glenroy, and joins 
the Moonee Ponds Creek near Pascoe Vale Railway Station; 
Manchester’s Creek drains central Coburg from about the 
junction of Sussex and Gaffney streets, and joins the Moonee 
Ponds Creek in Brunswick south of Moreland-road; while 
Deanery Creek flows from Campbellfield and joins the Merri 
Creek just north of the Lake Reserve, Coburg. This stream 
has a winding course, and the valley is very shallow. The two 
former flow in deeply entrenched valleys. 
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3. Older Basalt and Leaf Beds. 

These rocks are exposed in a number of places in the district, 
usually in the sides of the creek valleys. 

Exposures on Moonee Ponds Creek. 

Exposures occur on the Moonee Ponds Creek at Moreland- 
road. Here the basalt overlies Silurian on the south side and 
Tertiary river sands on the north. An impure common opal 
is found in the joints of the basalt. A few hundred feet north 
and adjacent to the gasometer is another exposure, overlying 
beds of fine white sand and sandy clay. A few fossil leaves 
have been secured from these sands. 

The next and most interesting exposure occurs a few feet 
north of the bridge at Reynards-road. It consists of a strip 
of Older Basalt about 10 feet wide. The upper portion con¬ 
sists of narrow, vertical columns, and is fairly well preserved, 
while the lower portion is decomposed to a white clay. The 
stream whose valley has been filled with lava is part of a small 
tributary that came from a south-easterly direction and ran 
east and west at this point. It has had portion of the banks 
on each side preserved. The north bank is Silurian. The south 
bank is composed of a bed of coarse sand, a conglomerate con¬ 
taining large pebbles of quartz and Silurian sandstone and fine 
sand, the whole mass being cemented with iron oxide. Fossil 
leaves were collected in the fine sand, which is in a bed 2 inches 
thick, overlying the coarser deposits. These coarse deposits 
underlying Older Basalt do not occur elsewhere in the area. 
This exposure is marked on Quarter-sheet No. 1N.W. as a dyke. 

A small exposure of basalt occurs between Bell and O’Hea 
streets in the eastern bank. Both sides of the valley at Gaffney- 
street, Pascoe Vale, are Older Basalt. 

The last exposure on the Moonee Ponds Creek in the area 
described occurs at the rear of a large house known as Oak 
Park. It is on the western bank, and consists of an amygda- 
loidal basalt in a very decomposed condition. It overlies beds 
of fine sands and silts of fluviatile origin. Iron is practically 
absent from some of the beds, others are deeply impregnated 
with limonite. All of the, beds contain fossil leaves. One bed 
about a foot thick is a mass of leaf impressions. This bed 
seems to be a replacement of a fine carbonaceous silt by 
limonite. The basalt is overlain by a quartzite which also 
contains fragments of leaves. All these exposures with the 
exception of those at Reynards-road and Gaffney-street are 
shown on the maps of the Victorian Geological Survey. 

The fossil leaves from the exposures were first found in 1930 
by the writer, and are identified and described by Miss H. 
Paterson, B.A. 
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Exposures on Dry Creek. 

A number occur on Dry Creek and are not recorded else¬ 
where. The first exposure occurs at the intersection of 
Northumberland and Prospect streets, where the basalt is in all 
stages of decomposition. Some of the better preserved rock 
has a columnar structure and some of it is decomposed into a 
clay. The basalt overlies similar sands to those previously 
mentioned. 

Some very thick beds of white pottery clay occur; they 
underlie and also outcrop on the surface alongside the basalt, 
as may be seen in a cutting in the road. The beds show a 
slight dip to the south-west and no fossils were found. 

A small exposure of Older Basalt occurs at Arnst-street, and 
another at Rent-street, just north of a small bridge. 

Exposures on Deanery Creek. 

The first exposure on Deanery Creek is opposite the inter¬ 
section of Kent and Sussex streets. It is a basalt decomposed 
to a white clay, which was excavated from a sewer. As no 
Newer Basalt in the district is decomposed to anything like the 
same degree, it was considered to be Older Basalt. The deposit 
is covered by Newer Basalt. 

The second exposure on Deanery Creek is just outside the 
Fawkner Cemetery on its north side, and is near Sydney-road. 
It consists of a hard black basalt underlying red sands and grits. 

Exposures on Merri Creek. 

On Merri Creek there are a number of exposures, from 
Mellody’s clay pits at Campbellfield, for about a mile to the 
east. At Mellody’s there is an exposure of decomposed basalt 
very similar to that in the Moonee Ponds Creek and differing 
greatly from the surrounding Newer Basalt. 

1 his Older Basalt overlies the clays and fine sands which out¬ 
crop extensively in this district and which are similar to those 
previously described from the Moonee Ponds Creek. Further 
east along the creek the basalt is decomposed to a white clay, 
and is partly overlying a bed of fine white silt and clay. The 
soft Tertiary rockf of this locality seem to have been protected 
from erosion on the north-west by Silurian rocks which 
evidently represent the sides of the older basaltic valley. The 
basalt filled the valley and covered the Tertiary sediments upon 
its floor. The basalt has since been eroded away, with the 
exception of that which occupies the depression of the actual 
watercourse on the floor of the valley, again exposing the Ter¬ 
tiary sands and clays. All the above-mentioned exposures of 
basalt are within sight of each other. They appear to belong 
to flows that filled the valley of a stream that flowed in a south¬ 
westerly direction and was either the upper portion, or more 
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probably a tributary, of the stream represented by the Older 
Basalts of Ascot Vale and Royal Park. The Older Basalt no 
doubt extended toward Thomastown and further east. 

Other Exposures. 

A few outcrops of sands occur, to which it is difficult to give 
a relationship. 

A small outcrop at Monti fore-street, Coburg, shows white 
pottery clay bedded with red sands to a depth of 16 feet. This 
rests on Silurian sandstones, and the whole is partly overlain 
by the post-Older Basaltic sands to be described later. 

Another small outcrop surrounded by Newer Basalt occurs 
at Middle-street, Pascoe Vale. Both these outcrops are equi¬ 
valent to the Campbellfield sands and clays and also to the leaf- 
beds on Moonee Ponds Creek. 

The well-known Preston sands present the same difficulty. 
No Older Basalt and no fossils have been found. The beds 
seem to belong to the leaf-beds from their appearance. The 
Campbellfield clays, representing their extension northerly, have 
been located in bores just north of Major-road, Fawkner, and 
a smjall exposure of sands occurs on Edgar’s Creek, north of 
Edwards Lake, Preston. The height above sea level of the base 
of the bed corresponds with that of the Campbellfield beds, the 
known Pliocene beds being 50 feet lower. 

4. Lower Pliocene Beds. 

The area also contains outcrops of sands and conglomerates 
laid down after the Older Basalt and before the Newer Basalt. 
These deposits have been laid down after an immense amount 
of erosion of the Older Basalt. The basalt was reduced to the 
remnants previously described before the sands were laid upon 
and around them. 

They consist of a wide variety of materials, quartz pre¬ 
dominating. Fragments of basalt are absent except close to 
an outcrop of this rock. No fossils have been secured except 
those mentioned as occurring ill the quartzite near Oak Park. 

The deposits in the area are known from excavations for 
sewers to a depth of 19 feet, and they occur in wide areas, some 
of which have not been recorded. An area one mile long and 
half a mile wide, that has not been recorded, is intersected by 
O’Hea and Sussex streets, Coburg. Further areas occur in 
Pascoe Vale and Campbellfield and are shown on the accom¬ 
panying map. The deposits are of fluviatile origin and consist 
of fine sand abruptly abutting on coarse sand or conglomerate. 
At Prospect-street, Pascoe Vale, a section of a trench showed 
Older Basalt overlain by a fine yellow sand containing ilmenite, 
which was followed in ascending order by grit one foot, fine 
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yellow sand two feet, grit one foot, then a coarse red sand 
gradually merging into a coarse conglomerate of quartz pebbles 
of various sizes, the biggest being the size of a fist. The fine 
sand was examined for fossils, and Mr. F. Chapman found 
fresh-water sponge spicules. The beds have been traced through 
West Brunswick and seem to correspond to the beds above the 
grit band at Royal Park, where the age of the upper beds is 
lower Pliocene. 

The nearest point to the area where marine fossils have been 
found was in a shaft near Essendon Railway Station. The 
fossils were casts in ironstone similar to those at Royal Park 
and were laid down upon Older Basalt. 

5. Alterations of Drainage. 

A point of interest in a study of the various valleys infilled 
by basalt is that there has been a local alteration of the direction 
of drainage. 

The pre-Older Basaltic drainage was from Thomastown to 
the south-west through Flemington; while the pre-Newer 
Basaltic drainage was from Glenroy to the south-east, through 
Brunswick and Carlton, to the pre-Newer Basaltic Yarra River 
below Studley Park. There has been a further alteration since 
the outpouring of the Newer Basalt. The Moonee Ponds Creek 
closely follows the Older Basaltic line of drainage and the 
Merri Creek the Newer Basaltic. Just why the pre-Newer 
Basaltic streams took their course to the Yarra River is difficult 
to understand, as the streams appear to have been flowing south 
when the lower Pliocene sediments described were laid down. 
The probable explanation is that after the outpouring of the 
Older Basalt the drainage followed the margin of the flow, and 
in the period of erosion that followed, northern tributaries 
eroded a system of drainage that was gradually filled by river 
sediments during the period of sinking associated with the lower 
Miocene. 

The drainage flowed south to the nearby sea during the lower 
Pliocene and, as the land rose again gradually, resumed the 
old valleys and eroded the river sediments out of them with the 
exception of a few residuals left on the higher levels. 

Summary. 

The Older Basalts of the area are described and the Tertiary 
sands separated into pre-Older Basaltic leaf-beds and lower 
Pliocene beds. The localities from which fossils have been 
secured are recorded. Alterations of drainage are pointed out 
and the reason discussed. 
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I. Introduction. 

The present paper is an account of the palaeontological succes¬ 
sion in the region south and west of Castlemaine as deduced 
primarily from the study of its Lower Ordovician graptolites. 
Graptolites of younger age are not known from this district. 
The area is, roughly, a rectangle containing over 1,000 square 
miles, and including the eastern half of the County of Talbot 
and a smaller area in the south-west of Dalhousie. Its northern 
boundary is the Mount Tarrengower-Alexander granitic massif, 
its southern the Great Divide, its western the volcanic rocks 
covering the Moolort—Loddon Deep Leads system, and its 
eastern, roughly, the Kyneton-Redesdale railway line. The 
north-eastern sector of about 100 square miles was dealt with in 
some detail by one of us in 1916(9), but circumstances pre¬ 
vented the continuation of the work until three or four years 
ago, when it was resumed. Dealing with a larger area, and one 
more difficult to study in detail on account of distance from 
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centres of population and paucity of artificial excavations, the 
treatment adopted in the present paper is more general than 
that in the earlier paper. This more general treatment was also 
made desirable by our plan to give a comprehensive account of 
the structure of the district. Towards the latter part, sugges¬ 
tions will be found for detailed work in critical localities. 

II. Previous Workers. 

For so extensive an area it is impracticable to give a detailed 
list of all maps and papers which may with profit be consulted. 
The following summary, though incomplete, will provide a basis 
for those who wish to study the area in detail. 

1. The greater part of the area is covered by Quarter- 
sheets (22) of the Geological Survey of Victoria, published 
between 1860 and 1870. The amount of detail shown on these 
maps varies, some, such as 15 N.E., being particularly fine 
examples of the geological surveyor's work, others leaving 
extensive areas unmapped or merely outlined. 

Other maps include geological survey plans of parishes(23) — 
a particularly good example being the plan of Campbelltown— 
and maps accompanying reports, &c+, on gold-fields such as 
Castlemaine, Maldon, Daylesford, and Lauriston. None of these 
maps shows more than a few of the hundreds of localities from 
which graptolites have been since recorded. For a general view 
of the geology of the whole district, the best maps are probably 
those included in “The Deep Leads of Victoria” (4). This 
memoir also gives a bibliography, which includes articles on 
most parts of the district now dealt with. 

2. A detailed bibliography up to 1903 is given by J. W. 
Gregory in the “Records of the Geological Survey”(5). Later 
incidental contributions are scattered through various publica¬ 
tions of the Victorian Mines Department. 

3. Dr. T. S. Hall in his “Geology of Castlemaine ”(6) gave 
a general account of the geology of the district around Castle¬ 
maine, and zoned the Castlemaine graptolite series. Hall's 
paper deals chiefly with the area east of a north-south line 
through Castlemaine. 

4. The present Secretary for Mines in Victoria (W. 
Baragwanath(1) ) in “The Castlemaine Gold-field” included a 
detailed map showing axial lines, and an east-west section 
showing the area as the eastern limb of a synclinorium. 

5. Harris(9), in 1916, verified Hall’s zoning and carried the 
study of structure west to the line of Muckleford Creek, showing 
that in the area between Castlemaine and Guildford there are 
beds characterized by Oncograptus and Cardiograptus, and that 
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these beds are stratigraphically between the Upper Castlemainian 
and Darriwilian of Hall. This extended Darriwilian was pro¬ 
visionally zoned. 

6. For the Maldon area, the chief authorities are Moon(18) 
and Bradford(2). 

7. Lidgey(17) published a description and map of the Malms- 
bury and Lauriston gold-field. 

8. The Daylesford district has been discussed from one aspect 
or another by W. Baragwanath and H. S. Whitelaw(20, 21), 
and by T. S/Hart(ll), while extensive collections of graptolites 
were made from that district by T. S. Hart and W. H. Ferguson. 
Identifications from these collections were made by Dr. Hall. 
Ferguson, on an unpublished plan, also delimited the graptolite 
zones of the district on the basis of the graptolites he collected. 

9. For the southern part of the area we have used unpublished 
records of the work of the late H. Foster, formerly of the 
Geological Survey. Foster’s painstaking detailed work has 
enabled us to plot the structure of an extensive area hitherto 
little known, and to connect it with the better known area to the 
north. 

10. For the western portion of the district between Yandoit 
and Campbelltown, T. Smith has made available to us the results 
of many years of careful field work. This enthusiastic worker’s 
records, from a district where even such an experienced field 
geologist as Norman Taylor failed to find fossils, enabled us to 
confirm the conclusions which we had drawn from our own 
rather scanty collections along the western boundaries of our 
district. Mr. Smith not only placed his extensive and valuable 
graptolite collections at our disposal, but acted as our guide in 
visits to critical localities in the Yandoit district. 

For the rest we have relied on our own field work, particularly 
in the Maldon-Newstead area, south of Guildford, and around 
Woodend, Kvneton, Lauriston, and Taradale, not to mention 
large areas which have been unsuccessfully prospected for fossils. 
Even in the areas from which we have recorded the results of 
other workers, we ourselves have in most cases verified the main 
points in the field. 

In conclusion, we gratefully acknowledge the encouragement 
and practical assistance of the Secretary for Mines (Mr. W. 
Baragwanath), whose detailed knowledge of the structure of 
the gold-fields of Victoria is probably unique. Without Mr. 
Baragwanath’s interest, the preparation of this paper would have 
been impracticable. As on other occasions, the draughting staff 
of the Mines Department have come to our assistance in the 
preparation of maps and sections for publication. 

13823.—2 
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III. Physiography (vide Map 1). 

The area under discussion lies north of the Main Divide, and 
with the exception of the eastern portion is entirely within the 
drainage basin of the Loddon River. The eastern section drains 
to the Coliban and the Campaspe. The main physiographic 
control seems to be the granitic massif which extends on the 
north from Maldon to Metcalfe and Taradale. The Cobaw 
granitic massif further south-east has also influenced the 
Campaspe drainage. The Loddon collects its water not only 
from the northern slopes of the Main Divide, but from 
practically all the inner or southern arc of the Tarrengoiwer- 
Alexander massif (cf. Geological Map of Victoria), while the 
Coliban and the Campaspe drain the south-eastern portion of 
this massif, and flow northwards between it and the Cobaw 
Ranges. 

The Tertiary lava flows also have a profound bearing on the 
present drainage system, the main watercourses being either 
laterals with relation to the flows or else occupying central 
depressions on them, as, for example, long portions of the Cam¬ 
paspe. It will be shown later that the lavas for the most part 
followed drainage channels already established in late Tertiary 
times; these in turn are intimately related to the present streams. 

The third factor is the relative hardness of certain Lower 
Ordovician strata. The general strike of these rocks is almost 
north and south (usually a little west of north), and a great 
number of streams, particularly tributaries, flow in this general 
direction for a greater or lesser distance. 

These factors, together with the position of the Main Divide 
in the south, make the drainage scheme intelligible. 

The Loddon flows in a northerly direction from its source in 
the south centre of the area, and then turns westward, to leave 
the map near Newstead. It is fed by a number of tributaries 
which for the most part follow, as we have said, either north or 
south courses. None of these streams has a large catchment 
area, and as the whole district is one of only moderate rainfall, 
the Loddon receives little water from any tributaries in the 
mapped area, except in winter and after rains. For the greater 
part of the year, practically all the smaller creeks are either dry 
or reduced to a mere trickle. 

The Coliban River flows through the eastern section, and its 
chief tributaries, which also have a northerly course—the 
Kangaroo (near Taradale), Back, and Shepherd’s Hut Creeks— 
are good examples of lateral streams. Near Taradale, the 
Coliban enters the Mount Alexander granite massif, and then 
for some distance flows just inside the border of the granite. 1 
The border of the igneous masses has proved weaker than either 


1 Here, as elsewhere, the term granite is used in a popular sense. The rock is for 
the most part a granodiorite rather than a true granite. 
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Map i.—Pre-basaltic and present-day Drainage Systems. 
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the main mass of the igneous rock or the contact selvages of 
the sedimentary rocks, so that usually a valley runs parallel to 
the edge of the granite and just inside it. As a result of this, 
the Elphinstone-Faraday-Harcourt road keeps just within the 
granite of the Mount Alexander massif. The hardened aureole 
of sedimentary rock, on the contrary, stands up as a more or less 
continuous ridge, though breached in places by streams. Mount 
Tarrengower is an example of such a hardened mass, while 
similar conditions in the east cause the Melbourne-Bendigo rail¬ 
way to enter the Loddon Valley through a tunnel near Elphin- 
stone, and to leave it by a similar tunnel near Ravenswood. 
Barker’s Creek has breached the hardened belt near Harcourt, or 
a third tunnel would have been required. 

In keeping with the north-south direction of the main valleys 
the chief ridges are also meridional, but minor streams often 
run either east or west, and in the field it is difficult to follow any 
definite north-south ridge for any considerable distance. It is 
only on a map, or from some specially favorable view-point, that 
the north-south trend of the main ridges can be seen. 

IV. Evolution of the Drainage System. 

The pre-basaltic drainage system can be followed with some 
degree of precision, as the old auriferous river gravels have 
been mined in most parts of the district. Data regarding these 
old “ leads ” may be found in Hunter’s “ Deep Leads of Vic¬ 
toria” (14), and in order to make the present drainage system 
intelligible, the pre-basaltic drainage lines must be reconstructed. 

In “ Deep Leads ” times two main streams which have been 
called the Loddon and the Campaspe Deep Leads systems(14) 
drained the area. The Loddon Deep Leads system occupied 
approximately the present Loddon drainage basin, but the main 
stream flowed under the present basalt plateau, west of the 
mapped area, and therefore west of the present Loddon. The 
lava flows here are very extensive, and are of the type called 
by Keble(16) “ unconfined ” lava flows, although they occupy the 
wide and flat valleys which existed when they were poured out. 
The details of the drainage were altered considerably, but the 
general northerly trend was maintained. The present streams 
are much smaller than those represented by the Loddon-Moolort 
Deep Leads system. Joyce’s Creek developed as a lateral along 
the eastern flanks of the Moolort lava flow, and collected the 
drainage which formerly flowed westward to the earlier main 
channel. The present main stream, the Loddon—in earlier times 
only a large tributary—maintained the general direction of its 
pre-basaltic representative, the valley of which had been followed 
by a long but comparatively narrow flow of lava. Flowing down 
the same valley, the stream took the line of least resistance, and 
meandered from one side of the basalt to the other, leaving 
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“ islands ” of basalt standing alternately above either bank as 
flat-topped plateaux. The most extensive of these plateaux is 
that north of Guildford. Often the lava flow was not sufficient 
to cover all the old gravels, (which in these cases still survive 
as hills without a volcanic capping. 

The Coliban—Campaspe system is most interesting. In “ Deep 
Leads ” times the Campaspe drained almost the whole of the 
eastern area. The Leads systems show that the main stream of 
the Campaspe rose south of Bullarto and flowed north-easterly 
towards Kyneton, where it was joined by a west-flowing stream 
from between the Cobaw and Macedon uplands. It then flowed 
north-west and was joined by tributaries from rising ground 
near the present Upper Coliban Reservoir, and then by a stream 
represented by the Malmsbury-Taradale Deep Lead. Boring 
records show conclusively that near Malmsbury this stream 
received the Taradale drainage from the north (see also Note 
3, Q.S. 9 N.W.). The Coliban therefore could not have drained 
much of the area, and its course was confined to the eastern 
edge of the Mount Alexander granitic mass. Here lava residuals, 
perched on hills alongside the present stream, show the course 
of the pre-basaltic Coliban. 

The Divide between the Coliban-Campaspe and the Loddon 
was in practically the same position as at present, but, as indi¬ 
cated, the distribution of the drainage between the Coliban and 
the Campaspe differed considerably. The basalt flows in this 
area are complicated and have been derived from many sources. 
It is evident, however, that lava filled the old main valley and 
effectively dammed part of the outlet between the Cobaw Ranges 
and Mount Alexander. Lateral streams developed along the 
western edges of the flows, but meeting other south-west to 
north-east flaws, had to cut across their necks. The Campaspe 
was altogether blocked south of Carlsruhe, and from Kyneton to 
East Metcalfe it had to flow over the surface of the basalt. 
After this it secured an easier path, first as a western lateral, and 
then, having crossed the lava near Bar fold, as an eastern lateral. 

The drainage of the original head streams near Trentham was 
disorganized. Many laterals developed, some of them crossed 
the narrower parts of the lava flows, as at the Trentham falls, 
but all were seemingly diverted northwards when they 
approached the main flo\w They then either broke into the 
Coliban system or were captured by the Coliban, working back 
through the soft granite selvage. The result is that the initially 
shorter stream, the Coliban, has enlarged itself by capturing 
most of the pre-basaltic western tributaries of the original 
Campaspe. 

The basalt flows have introduced new features into the topo¬ 
graphy-plains, flat-topped hills and plateaux, ridges, deep gorges, 
asymmetrical valleys, ungraded rivercourses with notable water¬ 
falls, and even river capture on a large scale. 
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V. General Geology. 

(a) Rocks of the Area. 

The basal rocks of the whole district are the Lower Ordovician 
sandstones and shales, but younger rocks are well represented. 
The following list will give some idea of the general geology:— 

(i) Post-tertiary .—Surface soil, present river gravels, and 
alluvial material. The nature of this indicates its wide-spread 
occurrence. 

(ii) Tertiary .—The rocks of this age are either river deposits 
or of volcanic origin. The volcanic rocks are not all of the 
same type, but are usually grouped as “ Newer Basalts.” Though 
now found often as hill cappings, they seem for the most part 
to have originally been lava flows down the old valleys. There 
are also some volcanic necks, occasionally with small associated 
flows. It is not clear whether some of these at least may not 
belong to the so-called “ Older Basalts.” Mount Consultation 
(locally called Bald Hill), near Castlemaine, is an example of 
this class. Lastly, there arc the “ lava dykes ” through the 
sediments, referred to as limburgite (1, p. 34), but including other 
types of rock. 

Gravels, often auriferous, occur both as surface cappings 
and as beds underlying the basalt. These gravels have been 
divided by the Geological Survey into two classes—Newer and 
Older Pliocene. 

The lava flows were probably responsible for the formation 
of small lakes, since small deposits of limestone are found in 
many places, sometimes with freshwater shells, as along Lime¬ 
stone Creek and near the mouth of Muckleford Creek. 

(iii) Permocarbonlferous .—A small patch of glacial tillite 
occurs in the Parish of Campbelltown, in the west of the area, 
and traces of similar rocks are found elsewhere in the same 
parish and along the Coliban River north of Tylden. Sandstones, 
referred to the same general age, have been quarried near 
Ivyneton for use as building stone. 

(iv) Devonian .—The granodiorites and granites of the Mount 
Alexander massif and the Cobaw Ranges are instrusive into the 
Lower Ordovician, and by analogy with similar rocks elsewhere 
in Victoria, are dated as at the close of the Devonian. A small 
intrusive mass south of Tarilta is marked on Q.S. 15 S.W. as 
syenite, but is more probably lamprophyre. 

(v) Ordovician .—The ” bed-rock ” of the district is Lower 
Ordovician in age. Sandstones, shales, and claystones are found, 
limestone being absent: In some places, as near Castlemaine, the 
shales have been altered to slates, which have been quarried as 
flagstones. Graptolites are to be found in all types of the finer 
sediments, but their extraction is rendered difficult either by the 
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entire absence of cleavage, as in many of the clay stones or 
mudstones, or by the development of cleavage at varying angles 
to the lamination. Lithology is no guide to age, as Lancefieldian 
graptolites may be obtained from rocks which in appearance 
might well be mistaken for either Bendigonian or Castlemainian. 
Two generalizations may be made with some reserve—beds with 
thin black bands through lighter-coloured shales are likely to 
be Lancefieldian, while thick beds of rather thin-bedded bluish- 
purple shales are likely to be Darriwilian. Still, there are so 
many exceptions, particularly to the latter statement, that only the 
discovery of fossils is decisive. 

( b) General Structure (vide Map 2 and Sections). 

For convenience, the general structure of the district will be 
considered before dealing with the distribution of the various 
graptolite zones on which our interpretation of this structure is 
mainly based. 

The main structural lines trend a little to the west of north, as 
plainly indicated by the strikes noted on the various Quarter- 
sheets. One of the main axial lines is the Maldon, Dean anti- 
clinoria in the west of the mapped area. On the western flank 
of this, Bendigonian beds appear to follow in normal succession, 
with at least one small area of Castlemainian in the Werona 
synclinorium, but the eastern limb is truncated through probably 
the whole length of the map by what must be regarded as one of 
the major geological features of the district—the Muckleford 
Fault. 

These anticlinoria are succeeded to the east by the Muckle¬ 
ford— Bullarto synclinorium. Still further east is the Chewton— 
Lyonville anticlinorium, which becomes more pronounced to the 
south. A small synclinorium intervenes between it and the next 
major anticlinorium!-—the Taradale-Lauriston. The continua¬ 
tion of these anticlinoria and synclinoria to the south must be 
left for separate treatment. A wide stretch of Darriwilian rocks 
along the Gisborne Creek and as far north as Woodend forms a 
break between the area mapped and the Bendigonian beds out¬ 
cropping in the Pvrete Ranges(10). It may confidently be 
predicted that a succession of anticlinoria and synclinoria similar 
to that dealt with will be found south of the Main Divide, but 
detailed mapping will be required before it is knoiwn how far 
faulting has modified the succession. 

West of the area mapped in this paper, no rocks high in the 
Castlemainian or of Darriwilian age are known to occur, but 
to the east there is in the south a wide expanse of Darriwilian 
beds, giving place still further south to the Upper Ordovician of 
the Riddell synclinorium (19). North of Mount Macedon, 
Darriwilian beds also occur in a broad east-west belt, but are cut 
off in the north by the Cobaw massif, north of which the most 
widelv distributed series are the Castlemainian and Bendigonian. 



Map 2 .—Structural Sketch Map of East Talbot Area. 
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(c) Structural Detail. 

The positions of the anticlinoria mentioned above have been 
fixed by the record from them of graptolites of the older series, 
particularly the Lancefieldian, the plotting of dips being 
unreliable, since in the field close folding makes it impossible 
to distinguish major from minor lines of folding. Some of the 
more obvious anticlines, as for example in the neighbourhood of 
the Town of Castlemaine, are almost immediately “ cancelled 
out ” by less prominent synclines. From the plotting of the 
graptolite zones it is evident that pitch is a very important 
factor When considering such a large area, and observed angles 
of pitch, though not numerous, show that the effects attributed 
to it cannot be considered exaggerated. It must be realized that 
over a wide expanse of country individual folds are usually 
elongated troughs or domes, and when followed along the line of 
strike die out, to be succeeded by similar features along parallel 
lines. Hall (6, pp. 64-65) has referred to this in his account 
of the Castlemaine district. It follows, therefore, that when an 
anticline is traced for a considerable distance along the line of 
strike, younger beds will occur along the nose of the fold. This 
is usually so gradual that it is rarely observable except when 
observations from an extensive area are plotted. It is very 
noticeable on the map (Fig. 2) for the more complicated 
structures, as, for example, in the Chewton—Lyonville anti- 
clinorium, where Lancefieldian beds near Lyonville are followed 
by Bendigonian from Glenlyon to the Monk Hill (Castlemaine), 
then by lower Castlemainian at Chewton and higher Castle- 
mainian further north. 

The structures termed anticlinoria are really complicated 
domes. The latter term brings out the fundamental structure 
of Victorian Ordovician rocks—viz., isolated areas of older beds 
surrounded by younger ones. Frequently, as one dome loses its 
importance and dies out, two others arise, one on either side of 
the first, so that the anticlinal structure of that belt gradually 
becomes a synclinal one. The term dome has not been used, as 
it has a restricted and particular meaning in Victorian mining 
geology. 

The folding of the area is very close, and therefore the out¬ 
crops of the various zones are much more complicated than a 
small-scale map will indicate. Such a map must necessarily be 
generalized. For this reason, the structural features have been 
considered in the wider terms of anticlinoria and synclinoria, or 
domes and troughs, leaving more detailed treatment of boundaries 
for the future. Faulting is common, as can be seen in any large 
outcrop and in plans of most of the mines, but it is only when 
a fault is of considerable magnitude that it can be traced in the 
field or indicated on the map. The absence of fault lines from 
the plans is therefore no indication that they do not exist. 
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VI. Distribution of Graptolite Series and their 
Relation to Axial Lines. 

(a) Maldon, Dean Anticlinoria, and Werona Synclinorium. 

This area, west of the Muckleford Fault, shows Lancefieldian 
beds at Maldon, near Fentiman’s Reef (east of Maldon), along 
the Tarrengower Creek, east of Newstead, west of Yandoit and 
Franklinford, and in the Parishes of Bullarook and Dean. These 
are the beds below those characterized by the appearance in 
force of Tetragraptus fruticosus, and are marked by the pre¬ 
sence of Dictyonema, Bryograptus, Clonograptus, and Tetra- 
graph such as T. decipiens T.S.H. and T. approximates Nich. 
Fossiliferous outcrops are not as common as one would desire in 
this belt, but as Lancefieldian graptolites are often confined to 
very thin soft black bands interbedded with silky shales and 
massive sandstones, and are only observable under favorable 
conditions, it is rather remarkable that so many outcrops have 
been located in a region where artificial excavations are not 
common. The western beds of this anticlinorium appear to show 
the normal rise to Bendigonian at Dean, Smeaton, Campbelltown, 
and west of Newstead. In the Parish of Campbelltown, lower 
Castlemainian (Didymogr aphis cf. bifid us) beds are represented 
—one of the most westerly occurrences in Victoria as far as we 
are aware—indicating a synclinoriumi in the extreme west of the 
mapped area—the Werona synclinorium. 

The eastern limb presents a different picture. Only to the 
south do Bendigonian beds appear, and even here they are 
apparently of less than normal extent, partly due to faulting, 
as will be described presently, and partly due to pitch—southerly, 
south-west of Daylesford, and northerly, near Hepburn. North 
of Hepburn, Castlemainian beds seem to make contact with the 
Lancefieldian of Yandoit, while still further north there is a 
great development of Darriwiiian rocks in the Guildford—BullarL 
synclinorium and a most pronounced break in the normal succes¬ 
sion. The whole of the evidence points to a fault line just west 
of, and parallel to, Muckleford Creek, and continued southward. 
The Quarter-sheets, as far as they include this portion of the 
district, show two features of interest:—(1) The graptolite 
localities recorded by the old survey are much less frequent 
west of this line than further east—in fact, only two or three 
localities are marked to the west; and (2) the quartz reefs so 
carefully marked on these old plans are much more numerous in 
the western belt, and show up as a band of closely packed 
parallel lines with a general trend a little to the west of north, 
in contrast with the more open arrangement to the east. In the 
field, the predominance of sandstones and the almost complete 
absence of belts of black slate are notable. All these features 
give reasonable grounds for suspecting that the valley of the 
Muckleford Creek roughly marks an important structural break 
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in the country, and our held work confirms this. In amount of 
throw, and in the faulting of Darriwilian against Lancefieldian, 
as well as in the normal rise to Bendigonian on the east, it 
compares with the Whitelaw fault (Harris, MS.) in the Bendigo 
East district. 

( b) Mtickleford-Bullarto Synclinorium. 

This synclinorium is marked by the extent of Darriwilian 
rocks in the north. Further south, high Castlemainian beds 
appear, indicating a northerly pitch in this part. There is 
apparently a reversal of pitch still further south, indicated by a 
patch of Darriwilian near Bullarto. In the extreme south the 
succession passes from Darriwilian beds through Castlemainian 
to Bendigonian, so that the pitch seems to be again northerly, 
and the syncline dies out. 

(c) Chewton—Lyonville Anticlinorium. 

The general pitch of this anticlinorium is to the north, with 
some relatively unimportant reversals. It is represented by a 
wide but northerly-narrowing belt of lower Castlemainian 
between Chewton and Wesley Hill (east of Castlemaine), Ben¬ 
digonian from the Monk Hill nearly to Lyonville, and Lance¬ 
fieldian in the south occupying a wide belt between Lyonville 
and Trentham. 

(d) Expedition Pass Synclinorium. 

This is seemingly a smaller feature than the others dealt with, 
and brings upper Castlemainian up at Expedition Pass, lower 
Darriwilian half-way between Chewton and the Elphinstone rail¬ 
way tunnel, and upper Castlemainian further south, and is then 
represented on our map by a belt of Bendigonian, the existence 
of which is only inferred from records to the east and west. 
This southern strip covers rough country crossed by few tracks, 
and almost lacking in good rock exposures except in the larger 
creeks. What exposures there are show for the most part sand¬ 
stones and sandy shales, while nothing but sandstone shows on 
the slopes even where the surface is not obscured by thick scrub. 
Detailed work, which will take much more time than we were 
able to allot to this area, will be necessary before any possible 
graptolite outcrops can be located. Here we are compelled to 
fall back on inference and on the very doubtful evidence of 
lithological resemblance This, for what it is worth, would seem 
to negative the suggestion that the belt is Darriwilian, but there 
is no positive evidence as to which, or how many, of the lower 
series may be represented. 

( e) Taradale-Lauriston Anticlinorium . 

This anticlinorium, like its western counterpart, is one of the 
major features of the district, and the evidence on which it is 
plotted is conclusive, for the records, though comparatively few, 
are well spaced. The most northerly record is from near the 
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Taradale Railway Station. South of this, the surface is almost 
entirely composed of basalt, but nearly every mine dump 
examined yielded Lancefieldian graptolites. This welcome result 
is all the more acceptable as there were rarely more than a few 
weathered fragments of black shale available, and these so badly 
cleaved that often a consultation was necessary to determine in 
which direction the precious fragments should be broken. Still 
further south, a good collection was made from the Kangaroo 
Reef, at Lauriston (near the old survey locality Ba 77, Q.S. 
9 S.W.). Lancefieldian graptolites have been collected from 
Shepherd's Hut Creek and the Coliban River by H. Foster, and 
they also occur near the Kyneton-Tylden road. 

In the extreme south, younger beds occur along the line of 
strike. This feature can be explained by a marked southerly 
pitch. This we think is the probable explanation, but in the 
absence of direct evidence other explanations, such as faulting, 
are possible. It is here also that we again meet the difficulty 
referred to under ( d ) above. The area between Glenlyon and 
Drummond is the southern continuation of the Taradale-Glenluce 
belt. It represents rough unpromising country, but is practically 
unexplored as far as graptolites are concerned. Our own trips 
through it have been fruitless, but there is no reason why a 
greater expenditure of time may not yield important results. In 
the absence of records we have presumed that a narrow belt of 
Bendigonian divides the Taradale-Lauriston anticlinorium from 
the Chewton-Lyonville line. 

(/) The Eastern Belt. 

This area will be treated more or less sketchily since it lies 
outside the area on which we have mainly concentrated our atten¬ 
tion. Moreover, the development of granitic and volcanic rocks 
is so extensive that the axial lines can be understood only when 
studied as part of a larger unit outside the present mapped area. 

To the north-east, the Taradale Lancefieldian seems to be 
succeeded normally by Bendigonian, which is shown below 
Mitchell's Falls (near Barf old), and by Castlemainian further 
east. In the south-east, Castlemainian beds south-west of 
Woodend and an extensive area of Darriwilian east of them 
extend far to the south, towards the Woodend-Newliam- 
Rochford-Gisborne area, which fringes the Upper Ordovician 
of the Riddell svnclinorium. 

South of the mapped area the succession is broken along a 
north and south line by the Djerriwarrh Fault. The extensive 
area of the Darriwilian south-west of Woodend and in the valley 
of the Gisborne Creek west of Macedon, taken together with the 
distribution of lower zones north and south of this section, as 
for example in the Pyrete Ranges, would seem to imply the 
existence of numerous smaller faults, which, however, cannot 
be demonstrated. The extent to which faulting must be invoked 
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to reconcile discrepanies can be determined only by detailed field 
work. The following extract from Whitelaw’s account (21, p. 
13) of the structure of the Daylesford gold-field will indicate the 
important part that faulting may be assumed to play:—“ Subse- 
sequently to the folding which they have undergone, the beds 
have been cut into innumerable slices by west-dipping thrust- 
faults, which, on the eastern side of the main anticlines, form 
the principal reef-channels of the field. There has been con¬ 
siderable movement upwards on the western side of most of these 
faults, which fact, no doubt, in a measure accounts for the 
appearance at the surface of the closely-folded intensely- 
fractured Bendigonian beds of the western area. . . The most 

graphic description would not half so well convey (as the plans 
and sections) to the interested person the manner in which the 
folds—the arches and troughs—have formed, rolled out, and 
re-formed; how and where they converge, diverge, and throw out 
laterals; how, the pressure persisting, the beds in refusing 
further to fold have had, perforce, to snap, causing the set of 
beds on the upper side of the fissures so formed to slide upwards 
to where they came temporarily to rest some scores of feet above 
their counterparts.” 

VII. Relation of Auriferous Areas to Structure. 

The subject of “ favorable stratigraphical zones ” from the 
point of view of the gold miner has been prominent since the 
early days of the gold-fields. Hall (6, pp. 76-77) discusses it, 
and after giving an account of the recognition of auriferous 
and non-auriferous bands, sums up:—“ When we reach what 
Selwyn states to be the highest beds of the district . . . the 

quartz reefs are barren ... In the Lancefield rocks again 
no gold occurs. It appears then that the auriferous strata of the 
Lower Silurian [i.e., Ordovician, Ed.] rocks begin above the base 
of the apparently thick Tetragraptus fruticosus zone, and range 
at any rate as high as Phyllograptus , but probably no higher/’ 
Selwyn’s placing of the highest beds as along the Muckleford 
Creek has been confirmed, though the “ more numerous reefs ” 
referred to in a part of the above paragraph not quoted are 
possibly those of the Lancefieldian series west of Muckleford 
Creek. The range of Phyllograptus as understood by Hall would 
be up to the middle Castlemainian, while the “ Lancefield rocks ” 
would refer only to the original type locality north of the old 
Mount William Railway Station—a point overlooked by 
Junner (15, p. 211). It may be noted that we have found 
Phyllograptus at the type C2 locality in Victoria Gully, and that 
it is common in the Darriwilian. 

E. J. Dunn, formerly Director of Geological Survey, also 
held the opinion that there were favorable and unfavorable beds, 
his “ favorable beds ” being the “ Bendigo zone, especially the 
upper portion” (3, p. 170). 
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H. Herman(12) discusses Dunn’s conclusions, and points out 
that at Bendigo beds on a particular horizon which are favorable 
in one mine or group of mines may be unfavorable in others, 
and the only generalization which seems to hold as to favorable 
beds in the district we have studied is that the Darriwilian series 
is invariably unfavorable, though the older series are not 
uniformly favorable. The question apart from this seems rather 
to be one of structure than of age, and Will be discussed from 
a structural stand-point. Before we proceed to do this, attention 
may be called to Jminer’s similar discussion of a younger 
area(15), and also to the conclusions arrived at by Gepp, 
Baragwanath, and Stillwell, in a report on our present area(4). 
These conclusions are :— 

(1) The Darriwil beds have so far been uniformly barren. 

(2) The upper beds of the Castlemainian have contained 

productive fault reefs. Occasional saddle reefs are 
known, but productive spurry reefs are more 
characteristic. 

(3) The Bendigo horizon has been proved to contain 

numerous productive saddle reefs in addition to pro¬ 
ductive spurry reefs. 

(4) Saddle reefs occur in beds of the Lancefield horizon, 

but there is a tendency towards the occurrence of 
“ indicator ” gold. 

These opinions, which may be taken as the most authoritative 
yet expressed on the subject, are quoted in full, as the present 
paper is based on the realization of “ the importance of the 
extension and continuance of the detailed geological mapping in 
order to delimit the more productive horizons and to elicit the 
facts bearing upon the chance of success of further exploration 
and deep sinking ”(4). 

in considering the connexion between structure and auriferous 
areas, only reef mining is considered, except where the original 
source from which alluvial gold was shed can be indicated. A 
map on which .auriferous areas are marked shows that they 
appear to be limited to several meridional belts. This depends 
on the more or less north-south strike, but a study of structure 
shows just what fields may be regarded as related. Structurally, 
Maldon is connected with Yandoit and Davlesford, while Castle- 
mainc is linked up with Trentham and Blackwood. The 
Lauriston gold-field is on a structural line still further east. This 
line continued to the north includes Taradale, and would pass 
through Bendigo, but the great plutonic mass of Mount 
Alexander prevents reliable correlation between the belts on its 
north and south sides. 

Another point, already referred to, is that the stratigraphical 
mapping shows that auriferous reefs in this district have been 
worked in the Lancefieldian, Bendigonian, and Castlemainian 
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series, but not in the Darriwilian. It does not follow, however, 
that gold is to be found in a region merely because its rocks are, 
for example, of Bendigonian age, but, on the other hand, the 
absence of gold-mining from the Darriwilian is clearly shown. 

Interpreting this evidence structurally, it appears that the anti- 
clinoria of the district are favorable for gold, synclinoria are 
unfavorable. This conclusion is empirical—the result of observa¬ 
tion—but it can be defended on logical grounds. Thus, anticlines 
are notoriously lines of tensional stress, and the fractures caused 
by the stresses they have suffered would make them peculiarly 
favorable for the infiltration of mineral solutions. This is only 
an inadequate explanation, since quartz reefs are not limited to 
any one series, but occur in all. Our observations would also 
seem to indicate that the “ nose ” of an anticlinormm where the 
pitch steepens, or where reversal of pitch occurs, seems to have 
been favorable for the deposition of gold. These conditions seem 
to apply at Davlesford, Fryerstown, and Castlemaine, but in the 
light of observations made at Bendigo(12) on all such factors 
as stratigraphical age, folding, and pitch, the difficulty of making 
any generalizations will be realized. 

Other results bearing on the deposition of gold have been the 
determination of the stratigraphical age of certain areas which 
hitherto had not been fixed. Thus Lauriston and Maldon both 
turn out to be Lancefieldian. This is of importance, as in the 
past stress has been placed on the recurrence of saddle reefs at 
Lauriston(13) though it is added that profitable mining had been 
mainly on an inverted saddle or synclinal reef. It is possible 
that the Lauriston gold-field may resemble Ballarat rather than 
Bendigo, and also that, though “ indicators ” do not seem to 
have been recorded in the district, they should be worth 
prospecting for. 

t 

VIII. Critical Localities and Suggestions 
for further Work. 

In so extensive a district, where only comparatively small 
areas have been studied in detail, and then usually from a 
different point of view from that of the palaeontologist, it must 
happen that there are portions where further and more detailed 
search for fossils is desirable. 

Commencing in the west, details are desirable in the country 
to the east of Campbelltown and west of Newstead. There is 
also a gap between Welshman’s Reef and the Muckleford Creek, 
where further discoveries may be made. On the whole, however, 
the localities along the line of the Muckleford Creek seem decisive, 
though a critical examination of the line between Franklinford 
and the Castlemaine-Maryborough railway might yield important 
information. 
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Our information is fairly full for the Castlemaine sector(9), 
and it seems unlikely that more detailed work will modify our 
conception of the stratigraphy of this area except in details. 
The same remark applies to the area north-west of Glenlyon. 
Minor anticlines of Bendigonian beds may break the continuity 
of this Castlemainian synclinorium, but it is improbable that our 
general mapping here is in error. 

East of Glenlyon, the case is different. Between Glenlyon 
and Lauriston the note on Q.S. 9 S.W. reads, “ High scrubby 
ranges intersected with numerous deep gullies, probably 
auriferous. The prevailing rocks are coarse and fine-grained 
sandstones of different shades of grey and brown; micaceous 
shales occur only as occasional beds. Quartz reefs are abundant, 
having the same direction as the schist rocks with which they 
occur—N. 10-20° WT Certainly this is not encouraging country 
in which to search for graptolites, and our own efforts, necessarily 
limited, have been unsuccessful. Yet the provisional zoning of 
the stretch of country from Fryerstown and Taradale in the 
north to Glenlyon and Drummond in the south must be regarded 
as unsatisfactory, and subject to revision when further data 
shall have been collected. 

The same remark applies to the belt shown as Lancefieldian 
east of Taradale. Here again fossils have not been found, except 
along the western margin. 

It is hoped that the present paper will provide an outline 
which can be filled in by others, who, taking smaller areas for 
study, will be able to work them out in greater detail. One 
important point which such detailed work will make clear is the 
normal thickness of each zone to be expected in any part of the 
district. When this is known, we shall have a clearer idea of 
the structure of the Svhole area. 


IX. List of Principal G-raptolite Localities 
in the Area. 

In the following list of principal graptolite localities it may be 
noted that:— 

(i) In districts where a more or less complete succession 

has been worked out, as around Castlemaine, refer¬ 
ence is given only to the records of previous workers. 

(ii) Where no zonal reference is given, the serial age only 

has been determined or numerous beds of differing 
ages occur. 

(iii) Except where otherwise stated, the determinations are 

those of the present writers. 

(iv) Names in brackets indicate parishes, e.g., (Maldon). 
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I. Lancefieldian Series. 

[Zones of Dictyonema and Bryograptus (L3) ; Bryograptus (L2), 
Tetragraptus approxiniatus (LI).] 

A. Maldon, Dean Anticlinoria. 

(a) Maldon area— 

(i) Old mining dumps, east of Maldon-Castlemaine road, about 

20 chains south of South German shaft (Maldon) (L2). 

(ii) “Flying Pig" dumps, about 1 mile south of Maldon, on 

Maldon-Newstead road (Maldon) (L2). 

(iii) Several outcrops in Tarrengower Creek, between Maldon and 

Welshman’s Reef (Maldon) (L2 and 3). 

(iv) Dumps on north of road to Goldsborough mine, west of (iii) 

(Maldon) (L2). 

(v) Dumps near road junction north of (iv) (Maldon) (L2). 

(vi) Cuttings on Maldon-Castlemaine railway, near Fentiman’s 

Reef (Maldon) (L2). 

( b ) West of South Muckleford— 

(i) Note 35 “ Graptolites,” Q.S. 15 N.E. (Strangways) (LI). 

(c) Yandoit area— 

(i) Allotment 19a of section XJI. (Yandoit), 25 chains west of 

Yandoit State School (L3). 

(ii) Road cutting south of Clydesdale, Newstead-Yandoit road 

(Yandoit) (LI). T. Smith coll. 

(iii) Dumps of Golconda Mine, S.W. of Yandoit (Franklin). 

(Lancefieldian?—only record, Clonograptus.) 

( d ) Bullarook-Wombat-Dean area— 

See T. vS. Hall’s identifications (7). 

B. Trentham-Lyonville Anticlinorium. (References, except (iv.), to 

unpublished work of the late H. Foster, Geol. Surv. Viet.) 

(i) Near the north-west corner of Township of Lyonville 

(Bullarto) (L3). 

(ii) Near Newbury (Trentham) from old shaft near Old Snake 

Gully mine. 

(iii) Trentliam-Daylesford railway, about 1 mile west of Trentham 

(Trentham). 

(iv) Kangaroo Creek (Coliban). Several bands of badly-cleaved 

decomposed black slate occur about 40 chains south of the 
Spring Hill-Glenlyon road. No graptolites were obtained 
in situ in these, but a piece of similar slate in the bed of 
the creek showed Bryograptus sp. 

C. Taradale-Lauriston Anticlinorium. 

(a) Taradale area— 

(i) Road cutting north of railway crossing near Taradale Railway 

Station (Elphinstone) (probably L2). 

(ii) Road cutting about 30 yards south-west of Taradale Railway 

Station (Elphinstone) (probably L2). 

(iii) Old mining dump west of creek, in allotment 14, Township of 

Taradale (L2). 

(iv) Road cutting at south-west corner of allotment 36 of section 

10 (Elphinstone). The only graptolite found was Clono¬ 
graptus. 

(v) Old mining dumps opposite side of east and west road to 

allotment 9 of section 11 (Elphinstone) (L2). 

(vi) Old mining dump near "65 miles” Q.S. 9 N.W. allotments 

50-51 (Edgecombe) (L2). 
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(vii) Dumps of Ironstone Mine, south-east corner, allotment 55 
(Edgecombe) L2-3). 

(viii) Old mining dumps, Little Wonder Lead, N.W. of Malmsbury 
Railway Station (Edgecombe) (L3). 

( b) Fryerstown-Taradale area— 

We found no determinable graptolites between Taradale and 
Fryerstown until the higher beds near Fryerstown were 
reached. Fragments with primitive thecae were found near 
the Coliban-Loddon Divide, near Fryerstown-Taradale road. 

(c) Lauriston area— 

(i) Aroona shaft, allotment 59 a (Burke) (L2). 

(ii) Shaft in allotment 5 (Burke), west of (i) (probably L2). 

(iii) Kangaroo Reef, Ba 77, Q.S. 9 S.W. (Burke) (L3). 

(iv) Russell’s Reef, Amalgamated, shaft in Lauriston Township 

(Lauriston) (only record, Bryograptus ), 

(v) Energetic Reef, allotment 286 (Lauriston) (L2). 

( d ) Tylden area— 

(i) Allotment 3 (Tylden) (note on Q.S. 9 S.E.). 

(ii) Premier Mine, allotment 82 (Tylden) (L3). 

(iii) Coliban River, allotment 98 (Tylden). 

(iv) Coliban River, north of allotment 96 (Tylden). 

(The last two localities from H. Foster’s records.) 

II. Bendigonian Series. 

(Zones of Tetragraptus fruticosus and T, fruticosus with Didymograptus 

cf. “ protobifidus”) 

A. Werona Synclinorium. 

(a) Newstead-Campbelltown area— 

(i) Numerous localities in the north-east of the Parish of Camp- 

belltown. T. Smith. 

(ii) Allotment 26 of .section 12 (Tarrengower). (Locality on an 

old plan of W. H. Ferguson. We have been unable to verify 
it. Thin bands of black shale remind us of Lancefieldian.) 

B. Dean Anticlinorium. 

(a) Dean area— 

See reference (7). 

(b) Daylesford area— 

See (7), (8), and (11). 

C. Trentham-Chewtou Anticlinorium. 

(a) Chewton-Fryerstown area— 

(i) West of Mt. Epreka (The Monk Hill) (Castlemaiue) 

(B3-B1). 

(ii) On both sides of Chewton-Fryerstown road, south of Speci¬ 

men Hill (Chewton and Fryerstown). 

(iii) South of Fryerstown (B4-B2). 

[For further details see Harris (9).] 

( b ) Area south-west of Glenluce— 

(i) Ba 80, Q.S. 15 N.E. (Fryerstown) (Bl). 

(ii) Along Glenluce-Glenlyon road (west of Loddon River) 

(Holcombe). 

(iii) Sebastopol Diggings (Holcombe). 

(c) Glenlyon area— 

(i) Allotment 3 (Glenlyon), on Loddon River, above falls. 

(ii) Quarry, allotment 7 of section 1 (Glenlyon) (H. Foster). 

(d) Lyonville area— 

(i) On boundary of Township of Lyonville. 

(ii) Around Blackwood (Blackwood) (south of mapped area). 
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D. Area between Lauriston and Trentham Anticlinoria. 

The only records are from the extreme north and south. 

(a) North— 

At both east and west approaches to Elphinstone railway cutting 
(Chewton and Elphinstone). 

( b ) South— 

On Coliban River, in north-west corner of Parish of Trentham. 

E. Eastern area. 

Our only record is of B3 from Italian Diggings, below Mitchell's 
Falls, Campaspe River, Q.S. 13 S.E. 

III. Castlemainian Series. 

(Zones of Isograptus caducous var. primula and lunata to I. caduceus 
vat. maximo-divergens.) 

A. Werona Synclinorium. 

(i) South bank of Deep Creek, Werona (Campbelltown) (C5), 
coll. T. Smith. 

B. Around Dean Anticlinorium. 

See references (7, 8). 

C. Muckleford Synclinorium. 

(i) Castlemaine area. See Hall (6) and Harris (9). 

(ii) Between allotment 8 of section IX. and 13 of VIII. (Yandoit) 

(Cl). 

(iii) In south-east corner of section IV.a (Yandoit) “Rocky 

Waterholes Creek'’ Q.S. 15 S.E. (Cl). 

(iv) South of Vaughan (Fryerstown) (C5C 

(v) Sebastopol Diggings (Holcombe) (C5). 

(vi) North of Glenlyon Township (C4). See note in extreme south¬ 

west corner of Q.S. 9 S.W. 

(vii) For numerous records in the Bullarto district we have 

depended on the work of H. Foster. 

D. Expedition Pass Synclinorium. 

(i) On both sides of Forest Creek, north of Chewton (Faraday 

and Chewton) (C3-C1). 

(ii) South of the Chewton-Elphmstone railway (C5-C1). See 

also Harris (9). 

(iii) North-east of Parish of Fryerstown (C3 and higher). 

E. South-eastern area. 

Numerous Castlemainian localities along the Campaspe River, south¬ 
west of Woodend (C5-C1) (H. Foster and the authors). 

IV. Darriwilian Series. 

(Zones of Oncograptus, Cardiograptus, Glyptog. austrodentatus, and zones 
with D. nodosus, &c.) 

A. Muckleford Synclinorium. 

(i) Northern area. See Harris, cit. sup. 

(ii) Between sections II. and VII. (Yandoit)—several localities. 

(iii) Allotment 11 of section II. (Yandoit) (D4), coll. T. Smith. 

(iv) Between allotments 4 and 5 of section IV.a (Yandoit). 

B. Bullarto Synclinorium. 

D5 recorded by H. Foster, on Leitch’s Creek, about 4 mile 
upstream from mineral spring on road from Musk. 

C. Expedition Pass Synclinorium. 

(i) On both east and west of bridge over Chewton-Elphinstone 
railway at 73^ miles (D5). 
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D. South-eastern area. 

(i) Numerous localities on both sides of the Carlsruhe-Lancefield 

road, and between this road and the Mt. Macedon igneous 
series (Dl). 

(ii) On main Bendigo road, about J mile north of Clock Tower, 

Woodend (Woodend) (Dl). 

(iii) Between allotments 95 and 98, north-east of Woodend 

(Woodend) (Dl). 

(iv) Ba 74 Q.S. 10 N.E., south-west of “ W.oodend Town 

Common” (D2). 

(v) South of the mapped area, extending south from Woodend 

to beyond Gisborne, there is an extensive belt of Darriwilian 
beds, with probably a complete series along the Gisborne 
Creek. 
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Art. XIV. — Some Sap-staining Organisms of Pinus Radiata, 
D. Don, in Victoria, Australia. 

By AUDREY M. ECKERSLEY, M.Sc. 

(Botany School, University of Melbourne.) 

[Read 9th November, 1933; issued separately 7th May, 1934.] 

A considerable amount of attention has been paid to fungi 
responsible for sap-stain in the Northern Hemisphere, but as 
far as I know there have only been two reports concerning sap- 
stain from Australia and New Zealand. The first (13) deals 
with the, staining of Pinus radiata (syn. P. insignis) boards by 
Ceratostomella sp. in New Zealand, and the second(8) with 
staining which was cited as being due to the same genus, in 
pine timber in Queensland. 

I. Origin of Forms Dealt with. 

The sap-staining or blue-staining organisms dealt with in this 
report were isolated from P. radiata timber in all three cases. 

(a) Hormonema dematioides Lagerberg and Melin(6). This 
organism was isolated from timber kindly sent by the, Forests 
Commission of Victoria. P. radiata boards from Castlemaine 
were marred by light neutral-gray to green-black streaks (9). 
The transverse surface showed the characteristic staining in radial 
sectors. When samples of the three lots of material were split, 
the staining was found to penetrate throughout the boards. 

(b) Ceratostomella sp., Form A and Form B. I am indebted 
to Mr. J. E. Cummins, of the Council for Scientific and Industrial 
Research, for cultures of these forms and for specimens of 
timber staine.d by them. 

Form A was isolated from case stock from Somerville, Victoria. 
Attention was first directed towards staining caused by this form 
when some very badly stained fruit-cases which had been made 
up in the green condition were examined. The previous history 
is unknown. 

Form B was isolated from case stock from Redhill, Victoria. 
Pinus radiata sapwood, after being felled and cut into case ends 
and sides at Redhill, Victoria, was immediately sent to the case 
manufacturers, where it was .stacked out to dry. After about 
three weeks, while the material was still in the stacks, blue streaks 
appeared on the surfaces of the sapwood pieces. This condition 
rapidly grew worse until entire surfaces were badly blued and 
perithecia appeared in profusion. The staining degraded the 
stock, rendering it unfit for use in best class cases. 
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II. Methods of Isolation of Organisms. 

In order to isolate the organisms responsible for the blueing, 
two methods were employed:— 

(a) In the case of Ceratostomclla sp., Forms A and B, 

where perithecia were present, one of these was 
removed with sterile needles and plated on to malt 
agar. 

( b ) In the case of Hormoncma dematioides, where no 

perithecia were present, and as an alternative method 
for the isolation of Forms A and B, the following 
method was employed:—The surface of a sample of 
the infected wood was cleaned with mercuric chloride 
solution 1 : 1000 to eliminate chances of contamination 
with surface organisms. A tomahawk was sterilized 
similarly. After chopping through the board to expose, 
a tangential surface, a small sliver of the blued interior 
was dug out by means of flame-sterilized chisel-forceps 
and emplanted in a malt agar slope. 

Pure cultures were obtained by transferring to plain agar and 
back again to malt agar. Cultures were also grown on starch 
media and pine- and corn-meal media. 

III. Methods of Re-infection. 

In order to test the pathogenicity of the forms isolated, pure 
cultures were used to infect clean P. radiata blocks. 

P. radiata sapwood was cut up into blocks 4" x 1" x 1" 
(approximately). These were put into flasks on a small pad 
of cotton wool and were sterilized for half an hour at half an 
atmosphere pressure. When cold, a quantity of sterile water 
or prune juice was added and the blocks were infected by 
inoculating transverse, radial, and tangential surfaces with a 
portion cut from a young culture of the organism growing on 
malt agar. The cultures were cut so that each piece of inoculum 
consisted of a young growing edge of culture together with the 
adjacent portion of older growth. The flasks were plugged with 
cotton wool and a cellophane cap was tied over the plug. Flasks 
were incubated at room temperature during the warm months 
and at a constant temperature of 26° C. during the winter. 
After three weeks the organism was re-isolated from the blued 
blocks in the, manner described previously. 

In the first inoculation experiment the blocks were too wet 
to permit of any staining by the fungus. At the end of the 
experiment the moisture content (based on the oven-dry weight) 
of two of the blocks was determined and found to be 191 and 
158 per cent, respectively. 
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In subsequent inoculation experiments with the moisture 
content in the neighbourhood of 100 per cent., the organisms 
were found to stain the blocks throughout. 

For the purpose of examining the distribution and nature of 
the organism within infected wood, small blocks, 1 cm. square 
approximately, were cut from the experimental blocks and boiled 
in water until they were fully saturated. Then radial and 
tangential sections were, cut from them and stained by Cart¬ 
wright’s method and mounted in balsam (1). 

IV. Description of Organisms. 

(A) Hormonema dematioides Lagerberg and Melin. 

This fungus, which shows a great variety of form in the habit 
of its mycelium, was first described by Lagerberg, Liindberg, and 
Melin in “Blueing in Pine and Spruce”(6), as occurring in 
sawn-pine and spruce and living pine-needles. 

1. Cultural characters . 

The culture on malt agar commences growth as a colourless 
mat which in a few days takes on a greenish tinge. This darkens 
rapidly and in older cultures the upper and lower surfaces both 
show as a deep green-black. Growth occurs either regularly, in 
a concentric fashion, or more irregularly, in the form of fan¬ 
shaped outgrowths and small bays which indent the periphery 
of the culture. The surface is slightly roughened or more 
coarsely corrugated. In cultures from freshly isolated strains 
practically the whole surface becomes covered by dirty whitish 
moist masses of conidia. When the strain becomes older, 
conidial production is not so abundant, and the surface of cultures 
become covered with a brown air mycelium. 

2. Mycelium . 

Young hyphae are hyaline, non-septated, and sparingly 
branched. Further back in the slightly older parts of the plate, 
septa occur at frequent intervals. This fungus is interesting in 
that the mycelium shows such a number of types of modification. 
The following types were noted :— 

(a) Ordinary longicellular hyphae with straight-sided cells and 
lenticular septa (Fig. 1). 

(b) Brevicellular hyphae with rounded sides and lenticular 
septa (Fig. 2). 

(c) As the mycelium ages the walls become enormously 
thickened, sometimes with granular excrescences, and are 
greenish-brown. The lenticular transverse septa show up well 
and very often longitudinal and oblique septa occur also (Fig. 4). 
If only transverse septa are present, the hyphae appear as moni- 
liform chains (Fig. 3). In examining the central part of a 
month-old culture, it is found that these moniliform chains tend 
to break up into bicellular portions with thick walls (Fig. 5). 
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( d ) The peculiar resorption phenomena noted by Lagerberg 
and Melin were also noticed, but no cases of such an extreme 
type as they depicted were observed. This phenomenon consists 
of a thinning of the lateral thick walls of a portion of a hypha 
and the loss of the cell contents in this region. In parts where 
resorption phenomena occurred, it was found occasionally that 
the part of the hypha which retained its cell contents sprouted, 
and from one of its ends a branchlet grew which penetrated the 
outer wall of the old hypha (Fig. 6). 

( e ) Coniothecium- like groups of cells often occur along the 
length of a hypha which is just commencing to thicken its walls. 
These are little groups of very thick-walled cells which extend 
out further than the diameter of the hypha in which they are 
situated (Fig. 7). 

(/) On the surface of the culture little dark crusts develop 
concentrically. These appear to mark the situation of most 
abundant spore production, since on examination they are seen 
to consist of moniliform chains of thick-walled cells which are 
covered with spores, and inside this zone of crusts the moist 
white spore masses occur. 

3. Spore Production . 

Spores are produced anywhere on the surface of the older 
thick-walled hyphae, thus forming a kind of palisade layer (Fig. 
8). Each spore is large, rounded at both ends, being either oval 
or with a slight pyriform tendency, and contains from one to 
four oil globules at each pole (Fig. 9). 

Size/—Length, range from 5.1 to 17.0/a; average, 9.0/a. 

Breadth, ,, „ 2.5 to 5.9/a average, 3.8/a. 

Spores are occasionally septated. 

4. Air Mycelium. 

This occurs, as already stated, only on cultures from older 
strains. It is generally brown, floccose, and not very abundant. 
The hyphae composing it are thickish-walled and longicellular 
and become wefted together in ropey strands. 

Very often hyphae become enormously thickened—single, cells 
proliferating to give large clumps. 

Lagerberg, &c., only note that these occur in wood, but 
probably their Coniothecium forms are the forerunners of such 
clumps. 

5. Distribution of the Fungus in Wood. 

In a transverse cut across a piece of infected timber, it is seen 
that the surface is stained, not uniformly, but in dark radial 
wedges tapering from the periphery to the heart. The border line 
between sap and heart wood was noticed because of the abrupt 
cessation of the stain at the inner limit of the sapwood (Fig. 11). 
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On the tangential and radial surfaces of infected wood are 
often found the dark crusts which are present in cultures. In 
sections of the stained wood it is found that hyphae are most 
abundant in the rays, which appear as dark lines to the naked eye. 

The, rays are found to be completely disorganized in many 
cases. Sometimes only the ray tracheids remain intact. The 
hyphae here are mostly of the longicellular thick-walled type, 
but may become brevicellular, and occasionally Coniothecium 
groups occur along their length. Resin canals are usually nearly 
as full of hyphae as are the rays, and tracheids are also entered. 
Here they run a sinuous course and are sparingly branched. The 
hyphae appear to use the pits as the sole means of crossing from 
one element to another (Fig. 12). Sometimes enormously pro¬ 
liferated hyphae like those present in the air mycelium are seen 
in the resin canals and tracheids. 

Lagerberg, &c., noted that spores were always very abundant 
in their sections. I have scarcely ever found any spores. 

(B) Ceratostomella spp. 

1. Historical Outline of Ceratostomellas causing sap-stain in 

Timber . 

In 1822, Fries(2) described Ceratostoma piliferuni, which by 
later mycologists was not treated as a uniform species. In 
1869-70, Fuchel(3) described four forms of this species affecting 
various trees, but it was not until 1878 that Hartig first connected 
sap-stain with fungi, and described a species causing blueing, 
which he thought might belong to Cerastostoma piliferuni Fr. 
This species was therefore regarded as the specific blueing fungus 
until 1906. In 1878, Saccardo(lO) separated Ceratostomella 
from Cerastostoma because of its colourless spores, and in 1887 
the old C. piliferuni was put into this new genus by Winter(12). 
This species still included several forms within itself as it did 
originally. 

In 1903, von Schrenck(ll) described blueing of timber in 
North America as due to Ceratostomella pilifera (Fr.) Wint. 
Munch (7) in 1907 sorted out the confusion of blueing of timber 
in Germany and found the name, C. pilifera (Fr.) Wint., 
covered four separate species of Ceratostomella and one new 
genus as follows :— 

(i) C. Pini, 

(ii) C. coerulea . 

(iii) C. Piceae. 

(iv) C. cana. 

(v) Endoconidiophora coerulescens. 

C. Pini was distinguished by the smallness of its perithecia, 
and the other three species of Ceratostomella can be separated 
by means of their conidial stage and other differences. 
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Endoconidiophora, with its Ceratostomella-\\ke perithecia, is 
characterized by its peculiar conidial stage. 

At about the same, time (1906) Hedgcock(5) had been in¬ 
vestigating the blueing fungi of North America. He retained 
the name C. pilifera (Fr.) Wint. for a very widely disseminated 
species, and also described numerous other species of Cerato¬ 
stomella which were less important from the blueing point of 
vie.w. Comparisons of the species of Ceratostomella of the two 
continents have not yet been undertaken systematically, and it 
is not known whether any of the European forms are identical 
with any of the American one.s; or, if they are separate, which 
European species occur in America and vice versa. Lagerberg, 
&c.(6) note that in their experience with Swedish forms they 
have found that they may vary considerably, and they suggest 
that the species C. capillifera, pilifera , and Schrenkiana are 
connected with C. coerulea. 

2. Significance of C. pilifera (Fr.') Winter. 

In the attempt to establish the identity of Ceratostomella sp. 
Forms A and B, they were compared with C. coerulea Munch 
and C. pilifera (Fr.) Winter, cultures of which were obtained 
from Baarn, Holland, the former originally deposited there by 
Zachs and Melin, and the latter by Rumbold. There is some 
ambiguity in connexion with the latter species. As it stands— 
C. pilifera (Fr.) Winter*—it should represent the old composite 
species before it was split up by Munch, but I have, regarded it 
as a single species, and cultural observations show that it is so. 
In this case it must be the C. pilifera (Fries) Winter, described 
by Hedgcock in 1906 in his “Chromogenic Fungi which Discolour 
Wood”(5), although measurements of the form in culture do 
not correspond very closely with those given by Hedgcock for 
the same thing. 

Lagerberg, &c., have noticed that a great deal of variation 
occurs in Swedish forms of Ceratostomella. This factor of 
variation may be the cause, of disparity in this instance, since 
there seems to be no essential differences between the form 
described, and the form in culture. 

3. Results of Comparisons between C. pilifera (Fr.) Winter, 

C. coerulea Munch, and Recently Isolated Forms. 

Results of comparisons between C. pilifera (Fr.) Winter, and 
C. coerulea Munch, and the forms recently isolated—Form A 
from Somerville case .stock, and Form B from Redhill case stock 
—seem to support the view of Lagerberg, &c., expressed at the 
end of their historical outline on page 7, that C. pilifera and other 
American forms may be connected to C. coerulea , since in 
some characters Forms A and B appear to approximate, to 
C. coerulea, and in others to C. pilifera. 
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In general appearance, all four appear very similar, the main 
difference being that in C. coerulea, in contrast to the other three 
types, the thick-stranded erect hyphae are generally much better 
defined. 

The two types of conidial fructification, viz.:—(a) the so-called 
“ ear ” arrangement of Lagerberg, &c., in which the projections 
on the fructiferous hyphae from which the conidia have fallen 

GROWTH RATE - GURVFS 



are likened to ears; and (b) Cephalosporinm -type (Figs. 13 and 
14) in which conidia are arranged in grape-bunch clusters—occur 
in all four types, although it is found that the ear form which 
is most characteristic of C. coerulea is also predominant in 
Form B, whereas in Form A it is the Cephalosporium-type of 
fructification that one notices more especially. 
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The size of conidia in these four type.s is very variable— 
C. pilifera, and Forms A and B (Figs. 15 and 16), showing a 
very great range in length. C. coerulea is more conservative in 
this respect. 

In shape, the perithecia of all four types appear similar—the 
venter is practically spherical, but is nearly always flattened 
basally. The neck is long and smooth and crowned by cilia. 
Perithecia of Form B ai*e occasionally seen with two necks. This 
is noted by Lagerberg, &c,, to be the case also with occasional 
perithecia in C. coerulea. Difficulty was experienced in obtaining 
measurements of perithecia. C. coerulea consistently refused to 
produce perithecia either on malt agar, pine and cornmeal media, 
starch media, or on pine blocks. All measurements of this stage 
had, therefore, to be taken from Lagerberg, &c. They note that 
old strains of C. coerulea often do not fruit in culture. The same 
difficulty was experienced with C. pilifera —the first few sub¬ 
cultures produced perithecia, but after that none appeared. Form 
A produced perithecia, but these most often did not reach 
maturity, maturity being taken as the time when the ascospores 
are first discharged and remain suspended in an opalescent pale 
yellow droplet on the outstretched cilia. 

It is in the characters of the cilia (Fig. 18) that most of the 
differences appear to arise in C. coerulea, C. pilifera, and Form B. 
The first has very long cilia—35-100/x—and there are about 
twenty-four per neck. Hedgcock gives no figures for his 
C. pilifera (Fr.) Winter, but in those observed by me in culture 
the range in length was from 9-24 ^ and the number per neck 
was about nine. This seems to separate the two species, and yet 
in Form B, which shows characters of both, the length varies 
from 15-50/x and the number per neck, while, only nine (average) 
in culture, may reach thirty on wood, therefore bringing it into 
the province of both species. 

Comparisons of the growth rates of the four forms at room 
temperature, 19°C., and 12°C., show that they all grow at 
approximately the same rate (see, text-figure). 

Comparative Description of the Four Forms. 

1. Cultural Appearance. 

( a ) C. pilifera. —For a few days the colony is colourless, then 
the older parts become olive-green and a well-grown plate appears 
brown-black from beneath. On the upper surface arise colourless 
erect stranded hyphae which bear de.ndritically arranged conidia. 
This area of stranded hyphae may be confined to the centre but 
often extends further. If only present centrally the rest of 
the plate is cottony-white with abundant conidia. Sometimes 
conidial production is much less and the plate remains brownish 
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or blackish on top and faint radial ridges are visible on the upper 
surface. A definite acid smell is noticeable in older cultures. 
Iledgcock did not mention this latter fact. 

(b) C. coerulca. —As given by Lagerberg, Liindberg, and 
Melin—“ The mycelium forms a compact light-grey air mycelium 
which becomes a maze of filaments like wire-netting, and these 
fibres appear floury-white through the conidia. Underside of 
plate is green-black. Noticeable acid smell.” In culture some 
variations of the above description were noticed. A well-grown 
colony appears deep green-brown with faint radial ridges. 
Centrally there arise numerous stout white strands of hyphae 
which give forth branches, and these bear conidia. These strands 
may attain a height of one cm. The, rest of the plate may be 
covered similarly with these stranded hyphae or may be cottony- 
white with a felt of coni dial-producing hyphae as in C. pi lifer a. 

(c) Form A.—Commences growth as a colourless mat which 
in older cultures darkens to a brownish-black, shading to olive- 
green near the edge of the colony. Owing to a light dusting of 
conidia the upper surface often appears blue-grey. Air mycelium 
as in the two last type,s may be in the form of strands, although 
this is rare. Mostly it forms a cottony-white network on the 
surface and bears numerous conidia. Sometimes conidial forma¬ 
tion is poor and the surface remains dry and faintly radially 
ridged. Older cultures often show thick, dirty-white patches of 
conidia centrally. There is a definite acid smell. 

(d) Form B.—Shows similar characters to Form A, but 
conidial production has always been profuse. No occurrence of 
whitish moist conidial masses. A definite acid smell is noticeable. 

2. Hyphal Characters. 

In all cases hyphae at the outer edge of the. colony are fine, 
hyaline, sparingly-branched and straight-sided. Further back the 
cells become claviform and brownish-green and are often rugose. 

3. Conidial Production. 

(a) C. pilifcra. —Conidia are produced on the aerial hyphae 
and on submerged hyphae. The erect strands which arise from 
the surface of "the plate consist of wefted hyphae. These bear 
fine branching hyphae from their sides, and these in theii turn 
bear densely-packed conidia. On these superficial hyphae the 
conidia are mostly arranged in the so-called ear-shaped mantlet 
of Lager berg, &c. The Cephalosporiuin type of aiiangement 
is also seen where the conidia are arranged in grape-bunch 
clusters. This type is mostly submerged. Conidial production 
commences in two or three days. 

( b ) C. coerulca. —Conidial producing hyphae completely clothe 
the erect strands. Types of arrangement as for the last species. 
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(c) Form A'.—Conidial arrangement as in the last two types. 
The Cep halo spo rium type of conidial arrangement is especially 
common. 

( d ) Form B.—Conidial arrangement as in the other three types. 
The Cep halos porium type of arrangement is not so common. 

4. Conidial Size and Shape. 

(a) C. pilifera. —Conidia are, elongated, rounded at both ends, 
but usually more pointed towards the end of attachment. Larger 
conidia show irregularities in outline very often. 

(b) C. coerulea. —Similar to last type in size and shape, but 
without such a great range in length. 

(c) Form A.—Similar to other types. Great range in 
length (Fig. 15). 

(d) Form B.—Similar to other types. Great range in length 
(Fig-'16). 


Dimensions in Microns(/a). 


— 

C. pilifera. 

0. coerulea. 

Form A. 

Form B. 

Average length .. 

6*6 

5 

8-0 

9*7 

Average diameter 

2*3 

2.1 

2*7 

2*6 

Range in length .. 

4-16 

2.5-10 

4*3-17 

3*0-17 

Range in diameter 

1*5-3 

2-2*5 

1*7-4*3 

1 * 7-4*3 


For C. coerulea Lagerberg &c. give length of oonidia as 5*6-11*2 /x. 

diameter of oonidia as 1 * 9-3 * 7 /x. 

For C. pilifera Hedgoock gives length of oonidia as 8-12 /x. 

diameter of conidia as 2^ /x. 

5. Perithecial F ormation in Culture. 

(a) C. pilifera. —Perithecia commenced to appear in a few 
days, first as globular light-brown to black cellular bodies without 
necks, but with long hyphal appendages. They are fully ripe 
within a fortnight. In all malt-agar cultures except the very 
first lot, perithecia have been absent (Fig. 20). 

( b) C. coerulea ,—No perithecia were observed in culture or 
on wood. According to Lagerberg, &c., in malt agar perithecia 
appear in about ten days, and in general appearance and develop¬ 
ment they are apparently similar to those of C. pilifera described 
by Hedgcock. 

(c) Form A.—Form A behaves very capriciously. Sometimes 
no perithecia are produced, and sometimes they have appeared 
within twelve days, but none have ever reached maturity. 
Immature perithecia are perfectly spherical, light-brown to black. 
Hyphal appendages spring from the whole surface, and are about 
15-50/x in length. Most often they remain in this undeveloped 
state, but sometimes a neck is produced. 
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( d ) Form B.—Each sub-culture has produced perithecia, at 
some times more abundantly than at others. They do not occur 
in concentric rings, but often in isolated patches commencing 
from the centre of the plate. They are fully developed in a 
fortnight. Both in culture and on wood there is a noticeable 
absence of coni dial formation in the areas given over to the 
production of perithecia. Immature perithecia are the same as 
in the Form A and C. pilifera. 

6. Mature perithecia. 

In general characters the mature perithecium is the same in 
all four types. It consists of a somewhat globular black basal 
portion, which is slightly sunken into the surface of the medium, 
and it is attached by means of hyphal appendages. The neck 
is long and slender, and tapers at the apex to about half its basal 
diameter. It is black and smooth, and usually straight, but may 
be curved, and small irregularities are not uncommon. Just 
beneath the apex the neck pales to a brown colour, and the top 
spreads out to form a varying number of colourless cilia which 
support the spore drop (Fig. 17). 


(a) Neck. 

Dimensions. 


— 

C. pilifera. 

C. coerulea. 

Form A. 

Form B. 

Neck — 





Maximum length 

Cilia — 

1 *4 mm. 

1 *5 mm. 

400-500 /x 

2 mm. 

Number average 

about 9 

24 

about 9 

about 9 

Length average 

19 /x 

.. 


25 /x 

Length range .. 

9-24 /x 

35’ 7-100 /x 

5-17 /x 

15-50 /x 


Measurements for Form A were taken from what were prob¬ 
ably immature perithecia. 


(b) Venter. 

(a) .C. pilifera. —Practically spherical. Ratio of length to 
breadth variable. Perithecia measured here were immature, 
since no cilia or spore drops were visible. Hedgcock states, 
u perithecia are somewhat flattened basally.” 

( b) C. coerulea —Lagerberg, &c., note that perithecia were 
nearly spherical, but flattened basally. 

( c ) Form A.—Ratio of length to breadth variable, but were 
mostly broader than long, and flattened slightly at the base. 

( d) Form B.—Generally flattened at the base, but may be 
spherical or longer than broad. 
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Dimensions in Microns (/x). 


— 

C. pilifera. 

C. coerulea. 

Form A. 

Form B. 

Average length .. 

142 


161 

166 

„ diameter 

147 


167 

187 

Maximum length 


240 

200 

250 

„ diameter 


288 

220 

280 

Minimum length .. 


144 



„ diameter 


160 



Hedgcock’s length 

160 




,, diameter 

180 





7. Ascospores (Fig. 21). 

Ascospores, in every case, are of the same shape—they have 
been likened to orange quarters by some authors. 


Dimensions in Microns(/x). 


— 

C. pilifera. 

C. coerulea. 

Form A. 

Form B. 

Average length . . 

4-8 

3 * 7-4 • 7 

3*5 

4*5 

,, diameter 

1*7 

1*5-1-9 

1*5 

1*5 

Hedgcock’s length 

5*5 

., 


.. 

„ diameter 

2-5 





In the case of Form B only were asci observed. As in the 
case of other species of Ccratostomella, they were slightly 
globular to pyriform in shape, and contained eight ascospores. 
Asci disintegrated fairly rapidly in water. 

8. Perithecial Occurrence on Wood. 

(a) C. pilifera .—Within three weeks after inoculation, 
perithecia appeared, but these remained stunted, and did not 
come to maturity. 

(b) C. coerulea. —Lagerberg, &c., noted that, “on wood, 
perithecia take a month to become fully developed.” None 
appeared on the inoculated blocks. 

(c) Form A.—Perithecia commenced to appear within twelve 
days. Were not very abundant, and only the immature stages 
occurred—no necks were developed on the artificially infected 
experimental blocks. In natural infections, perithecia are large 
and well-developed. 

Venter.—Average length, 220/x; average diameter, 200/x; 
maximum length, 230 fx; maximum diameter, 210/x. 

( d ) Form B.—Perithecia appeared in profusion on the arti¬ 
ficially infected blocks within seven days, and were ripe within 
three weeks. These perithecia are, on the whole, slightly larger 
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than those grown in culture, but the difference is practically 
negligible. In these perithecia, the number of cilia per neck may 
be much greater—sometimes rising to 30 per neck. 

9. Distribution of Hyphcte in Wood. 

In all cases (i.e., in the four types studied) hyphae are most 
abundant in the rays, which are often as completely disorganized 
as those affected by Hormonema. Hyphae are also seen in the 
resin canals to a less extent, and also in the tracheids, where, 
on the whole, they are finer in size. 

Hyphae in rays and resin canals are mostly brownish, and 
rather thick-walled, often becoming rugose. 

Penetration from element to element takes place by direct 
penetration and not by way of the pits. This fact was also noted 
by Lagerberg, Liindberg, and Melin (Fig. 19). 

V. Discussion. 

The two Forms A and B isolated from Australian sap-stained 
timber would appear to be intermediate between the American 
and European species, and may form a link between them. 
Form A, in general appearance and number of cilia, is more like 
C. pilifera, but in size of perithecia it is closer to C. coerulea. 
Form B, in general appearance, is sometimes like C. pili¬ 
fera and sometimes very like C . cocrulea. Its perithecia 
in size are closer to those of C. cocrulea, and are like those 
of this form, in that t\vo necks occasionally occur. The 
average number of its cilia brings it close to C. pilifera and away 
from C. cocrulea, and their range in length brings it sometimes 
into the province of C. coerulea, and again away from it. It 
seems that there is no constant difference between C. pilifera 
and C. coerulea. 

If the European and American fungi do not belong to separate 
species (and our observations lead us to think they do not), then 
C. pilifera (Fr.) Winter should be relegated to synonymy, as 
Munch has shown that this old name really included a complex 
of forms, which he referred to as the pilifera group; so C. coerulea 
Miinch should be used for the form under discussion in prefer¬ 
ence to C. pilifera (Fr.) Winter. 

VI. Summary. 

Two forms of Ceratostomella infecting P. radiata are 
described, which appear to form a link between the American 
C. pilifera (Fr.) Winter and the European C. coerulea Miinch. 
It is suggested that the two latter forms are really variants of 
the same species, which should be known as C. coerulea Miinch. 

Hormonema dematioides Lagerberg and Melin is also described 
from blue-stained P. radiata case stock. 
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Figs. 1-21. 
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Explanation of Figures 1-21. 

Fig. 1. Young hypha with straight sided walls and lenticular septa. 
(X 1000.') 

Fig. 2. Older hypha with rounded outer walls. W—lenticular wall of 
transverse septum. (X 1000.) 

Fig. 3. (a) enormously thickened walls. ( b ) additional septations which 
have occurred. (X 1000.) 

Fig. 4. Moniliform chains of cells. (X 600.) 

Fig. 5. Bicellular portions of hyphae which are found in the oldest part 
of cultures. 

Fig. 6. (a) portion of a hypha where resorption phenomenon lias occurred. 

( b ) a branchlet which is growing out from the still living cells 
of the hypha, through the old wall. (X 1000.) 
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Fig. 7. Diagram—X about 1000. c— Coniothecium- body situated on hyphae. 

Fig. 8. Spores arising directly on hyphae. 

Fig. 9. Spores, occasionally septated showing oil globules at poles. 

Fig. 10. Diagram, s —sapwood. h—heartwood. sh—junction between sap- 
wood and heartwood where the staining ceases abruptly, x—stained 
sector of sapwood. 

Fig. 11. w—wall of medullary ray. p—pits in ray walls through which 
hyphae are passing, r—rugose thickened wall of hyphae. 

Fig. 12. Ear-like fructification. Form B. Diagram. (X about 1000.) 

Fig. 13. Form B— Cephalosporium type of fructification. 

Fig. 14. (a) and ( b ) Cephalosporium type of fructification, (c) Conidio- 
phore from which the conidia have fallen. Form A. 

Fig. 15. Conidia of Form A (X 1000). 

Fig. 16. Conidia of Form B (X 1000). 

Fig. 17. Diagram of a typical perithecium which might have been produced 
by any one of the four forms. (X about 105.) 

Fig. 18. Form B—neck apices with cilia. (X 1000.) 

Fig. 19. t—tracheid wall, h—hypha penetrating wall. (X 1000.) 

Fig. 20. Immature perithecia which might belong to any one of the four 
types. Diagram. 

Fig. 21. Form B. (a) ascus containing ascospores. ( b ) ascospores. 
(X 1000.) 
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[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. II., 1934.] 

Art. XV.— A Lower Cretaceous Brittle-star from Queensland . 

By FREDERICK CHAPMAN, A.L.S., F.G.S. 

( Commonwealth Palaeontologist). 

(With Plate VII.). 

[Read 9th November, 1933; issued separately 7th May, 1934.] 

Introduction. 

The following description is based on a well-preserved fossil 
brittle-star on the fractured faces of a bore-core obtained at 
Cleeve, near Longreach, Queensland. 

The boring was put down by Oil Search Ltd., and was in 
charge of Mr. J. F. Foster, who took especial care to preserve 
the fossil, and after whom it is named. 

Description. 

Sub-phylum ASTEROZOA. 

Class OPHIUROIDEA. 

Family OPHIACANTHIDAE. 

Genus Ophiacantha Mueller and Troschel. 

Sub-genus Ophioglyphoida, nov. 

Note on the Sub-genus.—The genus Ophiacantha , sensu 
stricto, has the disk formed of small plates and clothed with 
imbricating scales. A fundamental distinction of the present 
form is the distinctly platy structure of the disk, here exhibited 
on the oral side,, showing a mosaic of more or less angulated 
pentagonal elements as in Ophioglypha . 

Ophiacantha (Ophioglyphoida) fosteri, sub-gen. 
et sp. nov. 

Description of Holotype.—Specimen showing oral face of the 
disk, which is roundly pentagonal and somewhat petaloid. Roof 
covered with small pentagonal plates, visible on the denuded 
under surface. Diameter of disk, 6mm. The teeth attached to 
the jaw-frame' are short and bluntly pointed, whilst the mouth- 
shield itself is well-preserved. The sharply pentagonal border, 
showing the track of the nerve-ring, is also clearly seen on 
moistening the surface of the fossil. 

Amis.—Of the five arms one is complete, and the four 
remaining, nearly so, whilst the bases or proximal portions are 
in place. Length of arms, circ. 32 mm.; diameter of arms, 
without spines, at junction with the disk, 1.6 mm.; full width 
with spines, 3 mm. 
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The vertebral ossicles are somewhat elongate in the direction 
of the arms, constricted in the middle, fossetted on the inner 
margin, and gently concave on the outer. Height of vertebral 
ossicle, fifth from disk margin, 0.47 mm.; width, 0.41 mm. 
Adambulacral plates of the arm short, rectangular, bearing on 
the outer surface from two to three long, slender, gently 
recurved, and thorny spines; directed distally. Average width 
of adambulacral, 0.2 mm. 

Observations.—The character of the thorny spines and the 
existence of rectangular adambulacral plates, taken in conjunc¬ 
tion with other structural features, support the reference of this 
fossil to Ophiacantha. It is of great interest to note that this 
living genus has at least persisted from Mesozoic times, and that 
it is still most abundant in the Pacific and East Indian regions 
(Clark, 1911, and Koehler, 1922). There is little doubt also 
that many of the recorded ophiuroids of Mesozoic strata from 
the Triassic onwards, such as Ophioderma egertoni of the Upper 
Lias (probably a Pectinura according to Lyman), may belong* 
to genera still living. Ophiolepis leckenbyi with its surface 
tuberculation of the disk, from the Oolite, has been compared to 
Ophioglypha by Lyman (1882, p. 327). That author also states 
(op. cit., p. 327) that “ from the Trias upward there is nothing 
unfamiliar in the look of the ophiurans.” 

A Lower Cretaceous ophiuran has been described from the 
Grayson formation of Texas by C. I. Alexander (1931, pp. 152, 
153, woodcuts Fig. 1, Ph xx., Figs. 19, 20), as an Ophioglypha, 
which does not, however, show any preservation of the short 
delicate spines seen in the living forms of the genus. Ophiacantha 
as a Cretaceous genus does not seem to have been definitely 
recognized, although its probable occurrence in the earlier Lias 
formation has been suggested by Lyman (1882, p. 328). 

The genus Ophiacantha (0. heterotyla) is found living as far 
south as Tasmania. It is especially abundant in the East Indian 
and Philippine areas as well as in the Pacific. 

Locality of Jlolotype.—From No. 2 Bore, Gavin’s Anticline, 
Cleeve, near Longreach, Queensland, at a depth of 519 feet. 
(Commonwealth Coll. No. 62.) 

Horizon.—Dark-grey carbonaceous mudstones. Probably in 
the Tambo Series (Albian), Lower Cretaceous. 

Note on the Bore Horizons.—At 447 feet, or 72 feet above 
the ophiuran horizon there occur the following fossils:— 
Aucellina incurva, Syncycloncma socialis, Lenticulina rotulata, 
and L. subalata, with the ostracod Cytheropteron concentricnm 
(a Cretaceous species well known in England and Europe). The 
first two bivalved shells point to a Tambo fauna for the over- 
lying beds. The ophiuran bed, with plant remains, indicates a 
horizon probably near the base of the Tambo series. 
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Explanation of Plate VII. 

Fig. 1.— Ophiacanthc. (Ophioglyphoida) fosteri, sub-gen. et sp. nov. Holo- 
type. On Core from No. 2 Bore, Cleeve, near Longreach, 
Queensland. X 2. 

Fig. 2.—Ditto. Paratype (Counterpart of same core). Matrix showing 

abundant plant fragments. X 2. 

Fig. 3.—Ditto. Magnified arm showing opposed arm ossicles with spines. 

Holotype. X 11. 

Fig. 4.—Ditto. Magnified thorny spines attached on right to ambulacral 

ossicles. Holotype. X 14. 
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[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. II., 1934.] 

Art. XVI. — The Eastern Boundary of the Bendigo Gold-field. 
By WM. J. HARRIS, B.A. 


[Read 14th December, 1933; issued separately 7th May, 1934.] 


Introduction. 

The existence east of Bendigo of beds higher than those of 
the central or gold-fields area has long been known, or at any 
rate surmised. E. J. Dunn(l) gave a geological plan on which 
a central “ favorable area ” is shown surrounded by a “ No. 2 
area ” of overlying rocks, and outside this a still higher “No. 
3 area, either non-auriferous or but slightly so/’ Herman (2) 
criticized Dunn’s interpretation of the structure of the field, and 
showed, incidentally, that portions of the No. 3 area are lower, 
not higher, than the central portion. 

In 1924, A. T. Woodward (vide Harris(3) ) discovered 
Darriwilian graptolites east of Bendigo, and I was led to examine 
the area in some detail. It was at once evident that at one 
point at least the boundary between Dunn’s No. 2 and No. 3 
areas east of Bendigo marked an important stratigraphical break, 
and an attempt was made to obtain further information north 
and south of this point. Several successful traverses were made, 
enabling a boundary line to be plotted for a distance of about 
14 miles. It is possible that further work may extend this. 

In this work I received every encouragement from Mr. W. 
Baragwanath, Secretary for Mines, and assistance from the 
Bendigo Branch of the Geological Survey, then in charge of 
the late Mr. H. S. Whitelaw. While my work was in progress, 
Mr. J. Caldwell, of the Survey staff, was engaged on an area 
which included part of the district that I was studying. His 
work enabled a more comprehensive account of the structure, 
of the, whole district to be given, and in the portion nearer 
to Bendigo, with which I was mainly concerned, it served as a 
check on my earlier observations, except in one of the described 
sections, where Mr. Caldwell’s mapping fills in an important gap 
in my records. I had the opportunity of visiting many parts of 
the district with Mr. Caldwell, identifying the numerous 
graptolites he collected and indicating the zones represented. 

In addition, I have had on many occasions the pleasure of 
the company in the field of Messrs. P. Tilson, of the Echuca 
Technical School, and D. E. Thomas, of the Geological Survey 
of Victoria. 
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The Bendigo Gold-field. 

Traverses across the Boundary. 

(a) Emu Creek Water Race. 

The most southerly observations were made in the south¬ 
west of the Parish of Strathfieldsaye. Here the meanders 
of the Emu Creek No. 2 water race of the Victorian Water 
Supply Commission expose numerous graptolite beds. The 
only part relevant to the present discussion is that between 
the Emu Creek Church of England (allotment 30 b of 
section III.) and the south-west corner of the parish. 
From the church southward the race cuts through almost 
continuously fossiliferous beds till it reaches the boundary of 
the State forest. These beds all belong to the upper part of the 
Darriwilian, but a troublesome cleavage makes an exact account 
of their fauna difficult. As the race is followed southwestward 
the last Darriwilian outcrop occurs near a series of low brick 
falls in the race. Then upstream for about 20 chains one crosses 
a flat with no rock exposures. When rock again appears in the 
channel walls it is no longer soft-pink or purple crushed shales, 
but hard brown or greenish micaceous shales and sandstones. 
Lithologically these beds would be placed lower, and this is 
corroborated by the finding of a solitary specimen of Tetra- 
graptus fruticosus (4-br) about half a mile west of the falls. 
The brown shales and sandstones continue, and in the extreme 
south-west of the parish Bendigonian beds can be recognized 
with certainty, Tetragraptus fruticosus (3-br) and Phyllograptus 
being found. 

(b) West of Strathfieldsaye Township. 

This section is a short distance to the north of the 
one just described, and for it I am indebted to the work 
of J. Caldwell, which I quote with the permission of 
the Secretary for Mines. On the western boundary of 
the Parish of Strathfieldsaye, about 1.1 miles from the north¬ 
west corner, Upper Darriwilian graptolites occur in broken 
material thrown out from shallow alluvial shafts. They 
can be traced to the eastward, and one of the best exposures is 
the surfaced area near the north-west corner of allotment 3 of 
section XIX., marked A196 on Caldwell’s plan. Less than 60 
chains to the south, and, therefore, much closer across the 
dividing line,, running a little to the west of north, Lancefieldian 
graptolites ( Bryograptus ) occur. Similar fossils are found 
further south, and again Upper Darriwilian graptolites occur 
within a mile to the east of them. The actual line of demarca¬ 
tion passes across soil-covered flats, but its general direction is 
obvious. Still further south, in allotments 5 and 6 of section 
IV., Caldwell has found Bendigonian graptolites, showing that 
the Lancefieldian belt is narrow and about half a mile wide. My 
own observations lead me to believe that it narrows still further 
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as it is traced south, but the evidence of a single Tetragraptus 
fruticosus found in situ along the Emu Creek race is insufficient 
to warrant a definite statement. 




(c) Mclvor-road and Heathcote Railway (Fig. 1). 

The Mclvor-road leads east from Bendigo towards Axedale 
and Heathcote, and, like the Mount Alexander-road further 
south, preserves the name of the once famous gold diggings, on 
which the township of Heathcote arose. For its whole length 
it is closely followed by the railway, so that road and railway 
give practically the same section. Leaving the closely settled 
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city area of Bendigo, one goes eastward over rising ground along 
the slopes of which runs a water race shown on old maps as the 
“ Spring Gully Aqueduct/' Along this race and east of it Lance- 
fieldian graptolites may be gathered, including Tetragraptus 
approximatus and T. decipiens. The rocks are predominantly 
brown sandstones and shales, the latter with the somewhat 
satiny gloss often characteristic of the older beds. Further east, 
graptolites are hard to find, but a few distinct forms were dis¬ 
covered north-west and east of the Grassy Flat Reservoir No. 
2. North of this, the road passes through a cutting which, 
though shallow, fortunately shows a continuous section along the 
south side of the road. When the road cutting ends the section 
is continued by a storm-water channel. With breaks, the channel 
and the railway cuttings carry the section eastward for 3 miles. 
This is the most satisfactory section in the district. The brown 
shales just mentioned are not fossiliferous in their most easterly 
extension, but can be traced westward to Lanceficldian graptolite 
beds as already stated. Their dip is uniformly to the east, and 
they end abruptly, being succeeded on the road by 10 feet or so 
of ferruginous rubble, immediately east of which is a thin band 
of flinty quartz fragments, probably representing as nearly as 
can be determined the actual break in the country. Then come 
crushed and slickensided soft pink and purple shales, in the 
fragments of which, even close to the break, fragments of 
graptolites can be. distinguished. As these shales become less 
shattered, they are seen to be richly fossiliferous, and for over 
a mile and a'half every favorable band—some of considerable 
width—yields nothing but high Darriwilian (D 1) graptolites in 
the profusion so characteristic of this horizon. To complete 
the section, it may be stated that the highest beds pass through 
transition beds to D 2 and then to D 4, a bed repeated after a 
considerable interval. Still further east the beds descend 
through the Castlemainian to Bendigonian and Tancefleldian. 

(d) White Hills and Epsom . 

North of the Mclvor-road section is an area of country 
unfavorable for detailed work, but the continuation of the line 
was picked up just north of the Bendigo city area. The bed¬ 
rock, where exposed in the railway cuttings at White Hills, is 
almost certainly not Darriwilian, but just outside the city 
boundary the characteristic blue and purple shales are shown 
among the debris from old alluvial shafts, now filled in, between 
the Echuca road and the railway. x*\cross the Bendigo Creek to 
the west is the old spoil heap of a mine on the Isabella Reef. 
The change in the nature of the sediments is most striking. The 
alluvial shafts yield, from material weathered almost to clay, 
the characteristic D 1 forms. 1 he brown shales of the reef mine 
are unfossiliferous, but after an intensive search Tetragraptus 
decipiens, Clonograptus , Bryo graft us, and Phyllocarids were 
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found in thin black partings, demonstrating the Lancefieldian 
age of the beds. The distance between these two beds is about 
half a mile, but the line is even more closely marked by the 
finding of Darriwilian graptolites in or near allotment 46 of 
Epsom. 

(e) Huntly. 

As one works north from Bendigo, the relief of the area 
becomes less pronounced, and rock outcrops are less frequent. 
Where shales do occur, they are often so bleached that all traces 
of graptolites are obliterated. The Bendigo Creek also meanders 
here through wide silted flats. Fortunately, the course of the 
Huntly Deep Lead is more or less coincident with the valley of 
the Bendigo Creek, and numerous spoil heaps show the typical 
pink and purple shales. Badly weathered as is the material 
it rarely disappoints the searcher for fossils, provided he is 
indifferent as to state of preservation. The lower or Lance¬ 
fieldian rocks provide a marked contrast, but fortunately 
graptolites, though very rare, are not entirely absent. The most 
northern line of section was run west from Huntly township. 
At the Huntly Railway Station, and just north of the township, 
lower and middle Darriwilian graptolites may be obtained from 
numerous bands (D 5-D 3). Southwest of the township, in 
allotment 8 of section XXIX., higher beds occur (probably 
D 2-D 1). and the occurrence in close proximity of slabs, some 
of which split along the bedding and some almost at right angles 
to it, would seem to indicate that the beds are closely folded. 
Still further west, W. Kingston, of the Bendigo Geological 
Survey Office, collected typical D 1 graptolites, while from thin 
partings of ferruginous shale near the Wallace Reef I was 
fortunate enough to collect Clonograptiis and Bryograptus, 
indicating that as far north as this the Lancefieldian abuts on 
the Upper Darriwilian. 

This last locality is just on the edge of the “ Whipstick ” or 
Mallee belt, into which the beds have not yet been traced. 

Summary of the Evidence of the Sections. 

When the results of the above five sections are plotted on 
the map (Fig. 2), it is seen that the dividing line between high 
Darriwilian beds to the east and Lancefieldian beds to the west 
(possibly Bendigonian in the south-west) is an almost straight 
line bearing about N. 15° W. and traceable for 14 miles or more. 
Evidence from the Bendigo area on the west and the Axedale 
area on the east shows that Bendigonian and Castlemainian beds 
were deposited throughout the whole district, and that the 
succession is normal. Herman’s estimate (pp. 12-13), based on 
the palaeontological work of R. A. Keble, gives the thickness 
of the incomplete Castlemainian in the Bendigo area as 3,300 feet 
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measured vertically, but the evidence for this cannot be regarded 
as conclusive. Herman’s estimate (also based on Keble’s work) 
for the thickness of the Bendigonian vertically is 5.400 feet, and 
may be accepted as being as nearly accurate as the weighing of 
a considerable amount of evidence by the palaeontologist best 
acquainted with these beds would permit. The thickness of the 
Darriwilian east of Strathfieldsaye has not been measured, but 
may perhaps be taken as being as great as that given above for 
the Castlemainian. Assuming these thicknesses, and knowing 
that the highest Darriwilian abuts on beds which are almost 
certainly not the highest of the Lancefieldian, the thickness of 
missing beds would appear to be over 12,000 feet measured 
vertically, or perhaps 5,000 feet measured at right angles to the 
dip. The only practicable explanation of this seems to be 
faulting, and I would suggest the name “ Whitelaw Fault ” for 
the feature, perpetuating the name of a family whose work on 
Victorian gold-fields was outstanding, and particularly of the 
late H. S. Whitelaw, who was, at my request, the first to show 
any portion of the fault line on a plan. The direction of the 
fault is practically that of the strike of the rocks. 

Comparison with Dunn’s plan shows that while at first sight 
it appeared that the fault coincided with his boundary, this was 
due onlv to the fact that the fault was first noted at the only 
point where there was any coincidence—on the Mclvor-road. 
North and south of this, Dunn’s line and the fault do not 
approach each other. 

The most striking comparison is with the Muckleford bault 
described by Harris and Thomas (4). This, like the Whitelaw 
Fault, has a direction practically coincident with the strike of 
the bedrock, and separates Lancefieldian beds on the west from 
Darriwilian on the east, though the Darriwilian beds east of 
Bendigo are higher than those along the Muckleford bault. In 
both cases the line is important as separating an area in which 
reef gold-mining has been successfully carried on from one in 
which no great discoveries have been made. 
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Art. XVII.—On the Occurrence of the Pelecypod Genus Miltha 
in the Australian Tertiary. 


By F. A. SINGLETON, M.Sc., 
and NELLY HOOPER WOODS, M.A. 

(With Plate VIII.) 


[Read 14th December, 1933; issued separately 7th May, 1934.] 


Introduction. 

One of the most striking fossils among the Tertiary mollusca 
from the, Abattoirs Bore, near Adelaide, South Australia, con¬ 
sists of fragments of a large and exceedingly thick bivalve shell 
of Dosinid appearance, recently described by one of us under 
the name of Dosinia grandis T The present authors, after further 
examination of the type material and of some additional speci¬ 
mens from the same locality collected by Mr. F. A. Cudmore, 
are of the opinion that it is better placed in the Lucinoid genus 
Miltha , being referable to the subgenus Milthoidea , recently pro¬ 
posed by Marwick for two Tertiary species from New Zealand. 
Tate's record (1890, p. 174) of Miltha from a similar horizon 
in the Dry Creek Bore possibly refers to the present species, 
which is the only one of the genus as yet described from 
Australia. 

The, difficulty in recognition of its true affinities is due to the 
fragmentary nature of the material, and it may be noted that 
an incomplete shell from a boring on Flinders Island, Bass 
Straits, submitted to the senior author by Mr. P. B. Nye, and 
herein described as a subspecies, also bears a deceptive resem¬ 
blance to a depressed Dosinia such as the North Australian 
D. lamellata Reeve or D. plana Reeve from China. 

Our best thanks are due to Mr. Cudmore for the loan of his 
topotypes; to Mr. Nye, B.M.E., Government Geologist of Tas¬ 
mania, for permission to describe the Flinders Island specimen ; 
and to Miss J. Wilson-Smith for her excellent photographs of 
a difficult subject. 
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Family LUCINIDAE. 

Genus Miltha H. and A. Adams, 1857. 

Lucina (Miltha ) H. and A. Adams, 1857, ii., p. 468 (Apr.). 

Lamy, 1920, p. 119. Grant and Gale, 1931, p. 291. 

Phacoidcs (Miltha ) H. and A. Adams. Dali, 1901, p. 806, and 
1903, p. 1361. 

Miltha, H. and A. Adams. Woodring, 1925, p. 115. 

Type (by monotypy) : Lucina childreni (Gray) = Tellina 
childreni (Gray), 1825. Recent, Brazil. 

“ Shell inequivalve, with the surface of the valves nearly 
smooth. Hinge with the lateral teeth obsolete.” (H. and A. 
Adams.) 

“Shell large, thick, ovate, compressed; umbos low, acute; 
lunule very small, deeply depressed; anterior and posterior 
dorsal areas poorly defined; sculpture consisting of exaggerated 
incrementals and obscure traces of radials; ligament and resilium 
external, wide, long; hinge of right valve consisting of a narrow 
anterior cardinal (3a) and a heavy obscurely bifid posterior 
cardinal (3b) ; hinge of left valve consisting of a heavy obscurely 
bifid anterior cardinal (2) and a narrow posterior cardinal 
(4b) ; anterior adductor scar very long.” ( Woodring.) 

Subgenus Milthoidea Marwick, 1931. 

Miltha (Milthoidea ) Marwick, 1931, p. 70. 

Type (by original designation) : Miltha neozelanica Marshall 
and Murdoch, 1921. Pliocene, New Zealand. Figured by 
Marshall and Murdoch, 1921, pi. 16, figs. 1, 2, and pi. 17, fig. 1. 

“ Shell similar to Miltha, but having the posterior wing well 
developed and the long anterior muscular impression adjacent to 
the pallial line. The lunule, though small, is deeply excavated 
and tends to obliterate the right anterior cardinal. The attach¬ 
ment of the ligament is relatively broadly triangular, and differs 
markedly from that of Reeve’s figure of M. childreni (Conch. 
Syst., 1841, pi. 59, fig. 2).” (Marwick.) 

Miltha (Milthoidea) grandis (Hooper Woods, 1931). 

(Pi. VIII., figs, 1-3.) 

Dosinia grandis H. Woods, 1931, p. 148, pi. 7, figs. 5, 6. 

Shell large, solid, subcircular, gently convex; umbo proso- 
gyrate, acute.; lunule small, deeply impressed; sculpture 
dominantly concentric, of closely but irregularly spaced fine 
raised threads, more prominent posteriorly, with intervening 
concentric striae, crossed by microscopic radial incised markings, 
visible only upon magnification, which are irregular and dis¬ 
continuous, and commonly unite and bifurcate,. This gives rise 
in the umbonal region to a fimbriate ornament, with the hi fur¬ 
cations usually directed umbonad; towards the ventral margin 
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the radial scratchings, which cross the concentric threads, form 
a se.ctinate ornament; in both cases this is to be seen only under 
a lens. 

In addition to the fine ornament, obscure lineations from the 
umbo to the ventral margin form curved radii which are concave 
anteriorly. Approximately medially there is also a very shallow 
radial sulcus, about 4^ mm. wide near the ventral border, the 
finer concentric striae becoming somewhat irregular and oblique 
when crossing it. Traces of a posterior sulcus are present 
below the post-umbonal dorsal margin. 

Hinge plate, broad and heavy, anteriorly shallowly excavate, 
posteriorly bearing an elongate ligamental groove and an 
obliquely triangular roughened area for attachment of resilium. 
Right valve with a prominent narrow anterior cardinal, grooved 
on the posterior side., and a broad somewhat bevelled posterior 
cardinal, having a tendency to become bifid, separated by a 
deep pit for the reception of the left anterior cardinal; the 
latter is long, narrowly triangular, and weakly bifid, posterior 
to which is the deep pit for the right anterior cardinal, followed 
by the elongate left posterior cardinal. The anterior cardinal 
teeth tend to become, effaced by a backward prolongation from 
the deeply indexed lunule. 

Adductor scars very large, deeply impressed; the anterior scar 
very long, ovate, and finely transversely striate; the posterior 
scar much smaller and longitudinally striate; inner ventral 
margin broad, weakly crenulate; pallial line entire. 

About half the considerable thickness, 6 mm., of the shell is 
due to a secondary layer of chalky texture, which is distinctly 
punctate as in the Recent Codakia punctata (Linne). 

Umbono-ventral diameter of largest fragment circa 61 mm. 

Type Material.—Five syntypes, of which three are frag¬ 
mentary left and two right valves, in the Tate Museum, Adelaide 
University Geology Department. 

Type Locality.—Between 400 and 500 feet in the Abattoirs 
Bore. Dry Creek, near Adelaide, South Australia. Horizon un¬ 
certain but probably late Tertiary.* 

Topotypes in the private collection of Mr. F. A. Cudmore 
comprise portions of two right valves and one left valve, which 
show a few additional features. In one the remarkable thick¬ 
ness of 11 mm. is attained, of which 8 mm. is due to secondary 
thickening, across which, in a second specimen, a deep groove 
runs obliquely from beneath the umbo past the anterior margin 

* Since the paper was read, Mr. L. W. Stach has shown one of us (F. A. S.), an 
imperfect right valve, measuring 39 mm. in height, from the Kalimnan (Lower 
Pliocene) of Beaumaris, Port Phillip, Victoria. It is a Milthoidea closely allied to 
M. grandis. but definite identification with it is not made, since what remains of the 
post-umbonal margin is more curved, and internal thickening of the shell is wanting. 
It is less depressed than the Flinders Island shell. 
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of the posterior adductor scar. This groove is not always pre¬ 
sent, but there, are traces of a second trending towards the tip 
of the anterior muscle scar, as is sometimes seen in Codakia 
punctata. Another fragmentary specimen shows the long 
anterior scar to be entirely within the pallial line,, though closer 
to it than is usual in the Lucinidae. 

The species is evidently a near relative of M. neozelanica , the 
type of the subgenus Milthoidea , but differs in the crenulation 
of the inner margin and in the crassness of the Australian shells, 
which are too fragmentary for closer comparison. 

The associated molluscan species are numerous but somewhat 
puzzlings they appear to indicate an admixture of faunas 
extending from the Lower Aldingan (Janjukian) through Upper 
Aldingan (Kalimnan) to possibly still later, or ranging from 
Oligocene or Miocene to Pliocene or younger. It is probable 
that several horizons are represented by the material dumped 
beside the bore, but the state of preservation and nature of the 
matrix appear uniform throughout, so far as can be judged. 
The mollusca are. being worked out by the junior author, who 
has already listed the pelecypods (Woods, 1931). 

Miltha (Milthoidea) grandis flindersiana, subsp. nov. 

(PL VIII., Fig. 4.) 

This is founded on portion of a somewhat worn right valve 
which is probably conspecific with the South Australian speci¬ 
mens, with which it agrees in ornament and in hinge characters, 
though the teeth are less strongly developed. 

The median radial sulcus is practically obsolete, but the 
narrower posterior sulcus is prominent. The interior shows 
the elongate anterior adductor scar, but lacks the characteristic 
secondary thickening of the larger shells from the, Abattoirs 
Bore, a difference perhaps due in part to age. It is also more 
depressed at all stages. 

Length, circa 53 mm. (estimate); height, circa 50 mm.; 
thickness of valve 7 mm.; of shell, 2b mm. (max.). 

Type Material.—Holotype in the collection of the Tasmanian 
Geological Survey, Mines Department, Hobart, Tasmania. 

Type Locality.—Between 55 and 80 feet in No. 1 Bore, Win- 
garoo, Flinders Island, Tasmania. Horizon probably very late 
Tertiary or post-Tertiary. 

The associated mollusca, which have not yet been studied, 
appear to be for the most part of still existing species, so that 
a late Cainozoic age is suggested. The, conchological and geo¬ 
graphic differences, as well as a probable difference in horizon, 
make separation as a sub-species the safest course, at least for 
the present. 
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Explanation of Plate VIII. 

(All figures approximately natural size.) 

Fig. 1.— Milt ha (Milthoidca ) grandis (H. Woods). Syntype, left valve. 
(a) interior, (b) exterior. 

Fig. 2.— M. grandis. Syntype, right valve, (a) interior, ( b ) exterior. 

Fig. 3.— M. grandis. Syntype, interior of left valve. 

Fig. 4.—M. grandis flindersiana , n. subsp. Holotype, right valve. (a) 
interior, ( b ) exterior. 
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Art. XVIII. — The Isolation of the Orga nism causing Crown 
Gall on Almond Trees in Victoria. 


By B. J. GRIEVE 

(Botany School, University of Melbourne.) 

(With Plate IX.) 

[Read 14th Deceember, 1933; issued separately 7th May, 1934.] 

So far as can be ascertained a pathogenic organism has not 
definitely been described as the cause of galls on fruit trees in 
Australia, although such galls are commonly known as Crown 
Galls and are attributed to Bacterium tuniefactens Sm. and T. 
(1, 3). The object of this note is thus to put on record the 
isolation and identification of the organism causing Crown Gall 
in Australia. 

Galls found occurring on Almond trees at Eldorado in Vic¬ 
toria were sent to the author by Mr. Adam, of the, Victorian 
Department of Agriculture. Isolation experiments were carried 
out and an organism isolated in pure culture which, on inocula¬ 
tion into the stems of healthy Almond plants, was capable of 
producing the typical gall formation. 

Distribution of the Crown Gall Disease in Australia. 

Although the isolation of the organism from Crown Galls on 
fruit trees was made from affected Almond trees in Victoria, 
it may be safely set out that galls occurring on fruit trees in 
the various Australian States are due to Bacterium tumefaciens. 
Crown Gall has been recorded as occurring in most of the Aus¬ 
tralian States. It appears particularly to attack Pear and Peach 
trees in New South Wales(1, 2), and Peach, Pear, Plum, and 
Almond trees in South .Australia(3). It has been found 
occurring on Almond trees in Victoria and on Hop plants in 
Tasmania. 


Isolation Experiments. 

Advantage was taken of the improved technique of isolating 
the Crown Gall organism as described by Riker(4), and by 
Robinson and Walkden(5). Fifteen suggestive colonies were 
selected from the plates resulting from isolation experiments 
from Almond tree galls; these colonies were subcultured, and 
after the, organisms were found to be in pure culture, inocula¬ 
tions were made into various young and rapidly growing plants. 
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Five of the cultures used were demonstrated to be virulent, 
producing quite large galls on a number of hosts, namely, 
Almond, Peach, Hop, Castor Oil plant (PI. IX., fig. 1), Tomato 
(fig. 2), and Sunflower (fig. 3). The same organism was re¬ 
isolated in pure culture from the galls which had been experi¬ 
mentally produced on the plants named above. 

Description of the Causal Organism. 

Morphological Characters. 

The organism is a small rod-shaped bacterium, measuring 
from 0.9 to 1.6/x. in length, and 0.4 to 0.5 n in diameter. It occurs 
singly or in pairs, and is motile by one to two polar flagella. 
Neither spores nor capsules have been observed. It is Gram 
negative and not acid fast. 

Cultural Characters. 

All cultures were incubated at 25° C. unless otherwise noted. 

Beef Agar Plates.—Surface colonies develop within 64 hours, 
and finally reach a size of from three to four millimetres. The 
colonies are circular, white, at first translucent, later becoming 
rather opaque with a translucent margin. The edges of the 
colonies remain regular. 

Beef Agar Slope, pH 7.—Growth is moderate, raised, moist, 
wet-shining, regular to slightly undulate-edged. No odour is 
produced. 

Gelatine Plates.—The plates were incubated at 20° C. 
Colonies appeared within 64 hours, being small, round, white, 
and regular-edged. The colonies were translucent at first, later 
becoming opaque white. 

Gelatine Stab.—A whitish, moist, spreading growth occurred 
at the surface. Growth continued in the depth for two centi¬ 
metres, and was filiform in character. No liquefaction occurred. 

Gelatine Slope.—Growth on gelatine slopes was whitish, 
wrinkled, somewhat dull, and the edges were irregular. 

Beef Bouillon.—The organism grew well in broth, good 
uniform clouding occurring within 64 hours. 

Litmus Milk.—The colour of the litmus milk was reduced by 
the twelfth day to a greyish white, and slight clearing had 
occurred. No clot occurred in the milk. 

Potato Cylinders—Abundant, moist, wet-shining, spreading 
growth occurred on the potato slices. After some days a 
suggestion of browning became apparent. 

Uschinsky’s Solution.—Growth in Uschinsky’s solution was 
moderate. A pellicle was formed. 

Cohn's Solution.—No visible growth occurred in this medium. 
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Physiological Characters. 

Fermentation Reactions :— 

Dextrose Broth.—Good uniform clouding appeared in 64 
hours, and a pellicle was formed. Neither acid nor gas was 
produced. 

Lactose Broth.—Uniform clouding with the formation of a 
thin pellicle occurred in 64 hours. Neither acid nor gas was 
produced. T^fter some days a whitish deposit gathered at the 
base of the tube. 

Galactose Broth.—Clouding occurred in 64 hours, and later 
a pellicle was formed. Neither acid nor gas was produced. 

Saccharose Broth.—Good growth in 64 hours with the forma¬ 
tion of a pellicle. Neither acid nor gas wa3 produced. A 
whitish deposit gathered at the base of the tube. 

Nitrate Reduction.—Nitrates are not reduced. The organism 
was grown in nitrate broth, the tests for the presence of nitrite 
being made at the end of five, ten, and fifteen days with sul- 
phanilic acid and alpha-naphthylamine in acetic acid. 

Hydrogen Sulphide.—Hydrogen sulphide was produced. 

Ammonia Production.-—Ammonia was produced. 

Indol Production.—Indol was not produced. Peptone water, 
using Witte’s peptone, was employed, and the Ehrlich test was 
used. 

Diastatic Reaction.—No diastatic reaction was observable. 
Tests were made after five, ten, and fifteen days. 

Temperature Relations :— 

The optimum temperature for growth was found to lie 
between 25° C. and 30° C. No growth occurred above 37° C., 
while a scanty growth was visible when the organism was grown 
at 1 ° C. 

Thermal Death Point.—Growth of the organism was found 
still to occur at 51° C., but not at 52° C. 

Parallel experiments to the above were made using cultures 
of Bacterium tumefaciens which were kindly forwarded by Dr. 
N. Brown, of the United States Department of Agriculture. 
The cultural and physiological characters of the Australian 
organism were found to agree with those of the type culture in 
all essential respects. Such differences as were observed, as 
the inability of the Australian organism to clot milk and the 
absence of a pellicle and stringing gelatinous threads in broth, 
do not appear to be significant, since one of the cultures received 
from America failed to clot milk and the, other produced a 
uniform clouding in broth without the formation of a pellicle. 
Neither of the type cultures used produced acid in sugar- 
containing media. 
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From the above it is concluded that the organism causing galls 
on fruit trees in Victoria and other States of Australia is 
identical with Bacterium tumefaciens Sm. and T. 

In conclusion, the author wishes to express his thanks to Dr. 
McLennan, of the Botany School, Melbourne, for her helpful 
advice, and also to Professor Ewart for providing facilities for 
carrying on the investigation. 
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Explanation of Plate IX. 

Fig. 1.—Galls produced on Castor Oil plant by B. tumefaciens isolated 
from galls on Almond trees. 

Fig. 2.—Galls produced on Tomato plant. 

Fig. 3.—Galls produced on Sunflower plant. 

Fig. 4.—Galls produced on Castor Oil plant. 
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[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. II., 1934.1 
Art. XIX. — The Palaeozoic Starfish of Victoria. 


By ROBERT B. WITHERS, B.Sc., Dip. Ed. 
and R. A. KEBLE, F.G.S. 

(Palaeontologist to the National Museum, Melbourne.) 


(With Plates X-XII.) 


I Read 14th December, 1933; issued separately 7th May, 1934.] 


The Palaeozoic Stelleroidea of Victoria constitute, with three 
exceptions, the whole of that group known from the Palaeozoic 
rocks of Australia. This paper deals only with the Asteroidea. 
The Asteroidea were first recognized in Victoria by McCoy, 
who in 1874 described two formis, Ur aster ella selzvyni 
and Petraster smythi , from Silurian strata. The list of species 
recorded or described prior to the publication of the present 
paper is as follows. They are arranged according to date of 
publication:— 


Species. 

Petraster smythi McCoy 
Urasterella selwyni McCoy .. 
Palaeaster meridionalis Eth. fil. 
Urasterella sp. (two species) 


Reference. 
McCoy, 1874 
Ibid. 

Etheridge, 1891 
Chapman, 1913 


In the present work the authors have re-examined the above 
forms, as well as a considerable amount of new material. As 
a result the faunal list now comprises fifteen recognizable 
species, of which ten are new. These are distributed over eight 
genera, of which five have not hitherto been recorded from 
Victoria. All the starfishes recorded are from the Silurian. 
The list now known from Victoria is as follows :— 


Species. 

Horizon. 

Locality. 

Caractacaster yarraensis, sp. nov. 

Silurian 

(Yarravian) 

South Yarra 

Hudsonaster australis, sp. nov. 

Silurian 

Yan Yean 

Palasterina flemingtonensis, sp. nov. 

Silurian 

(Yarravian) 

Silurian 

Moonee Ponds 

P. stachi, sp. nov. 

Melbourne 

(Yarravian) 

(excavations) 

P. umbonata, sp. nov. 

Silurian 

Plenty Ranges 

P. sp. 

Silurian 

(Yarravian) 

South Yarra 

Petraster (?) aff. americanus (d’Orbigny) 

Silurian 

Kinglake West 

P. angustior, sp. nov. 

Silurian 

(Yarravian) 

South Yarra 
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Species. Horizon. Locality. 


P. richi, sp. nov. 


Silurian 

(Silurian 

Clonbinane 

P. smythi McCoy 


< (including 
l Yarravian) 

Kilmore, 

Moonee Ponds 

Promopalaeaster meridionalis (Eth. 

m.) 

Silurian 
(Yarravian) 

Moonee Ponds 

P. meridionalis (Eth. fil.) var. parvior 

, 110V. 

Silurian 

(Yarravian) 

Moonee Ponds 

Urasterella cresswelli, sp. nov. 


Silurian 

(Yeringian) 

Lilydale 

Salteraster selwyni (McCoy) 


Silurian 

Kilmore 

S. biradialis, sp. nov. 


Silurian 

Kilmore 

Schuchertia junori, sp. nov. 


Silurian 

Kinglake West 

S. macrarta, sp. nov. 


Silurian 

(Yarravian) 

Brunswick 

Outside Victoria the only 

known Australian 

asteroids are 


(?) Australaster stutchburii (Eth. fil.) and Monaster clarkei 
(de Koninck), which are both from the Permo-Carboniferous 
of New South Wales and have not been studied by the authors. 

With few exceptions, the material studied has been preserved 
in sandstone. A few have been preserved in mudstone, but 
the result is generally not so satisfactory. In tine course of pre¬ 
servation the calcite ossicles have been dissolved away while 
the intervening spaces have been filled with matrix. The speci¬ 
mens, therefore, have a negative character, and a wax squeeze 
is necessary for examination. Most of the material was in the 
National Museum, Melbourne, and the Museum of the Geology 
School, University of Melbourne. The latter portion was 
generously placed at our disposal by Mr. F. A. Singleton, M.Sc. 
Some of the best Kinglake specimens were recently presented 
to the Museum by Mr. P. Junor, while others were collected by 
the senior author. The bed at Yan Yean front which Hudson- 
aster australis was obtained was discovered by both authors. 

The genera Hudsonaster, Caractacaster, Promopalaeaste-r , and 
Petraster are restricted to the Ordovician in England and 
America. Urasterella, Salt eras ter , and Scliuchertia begin in the 
Ordovician, but range into the Silurian. Palasterina is the only 
Victorian genus which does not occur elsewhere lower than the 
Silurian. This would seem to indicate that asterid distribution 
started from a point in the Northern Hemisphere. 

The classification adopted in this work is that due to Schuchert 
(Schuchert, 1915) with the addition of the following genera by 
Spencer (Spencer, 1914, et seq.) viz., Caractacaster and Salt - 
eraster. To these comprehensive works on the American and 
British stelleroidea respectively, the authors are very deeply 
indebted. 
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Class STELLEROIDEA. 

Sub-Class ASTEROIDEA. 

PHANEROZONIA Sladen. 

Family HUDSONASTERIDAE Schuchert. 

Genus Hudsonaster Stiirtz. 

Hudsonaster australis, sp. nov. 

(PI. X., Fig. 6; Text-figs. 1, 3.) 

Description.—Small disc, with five short, tapering, rays; 
interbrachial arcs absent, each interbrachial area occupied by a 
prominent bullate axillary plate. 

Apically, usually three columns of large tumid and tuberculate 
plates are well shown (one radial, two supramarginals) and 
portions of two inframarginals, making five in all. The disc 
consists of a small, tumid, central disc-plate surrounded by still 
smaller accessory plates of variable size and extending to the 
arms. Madreporite not detected with certainty, though in the 
paratype one of the prominent axillary plates appears to be 
striate. 

Orally, the narrow ambulacral channels may be entirely roofed 
over by the adambulacrals, or they may be open exposing 
markedly carinate rectangular ambulacrals. In the holotype, 
ambulacrals with prominent, straight carinae are closely packed, 
the podial pores being small and located in the suture between 
the ambulacral groove and the adambulacrals. In the paratype, 
the ambulacrals, with their sharp T-shaped carinae, and 
similarly placed large, distinct, podial pores, are less closely 
packed. 

Ambulacrals opposite, about 15 in number. Adambulacrals 
small, rounded, one to each ambulacral plate. Inframarginal 
plates large, elongate, rectangular, strongly tuberculate, rapidly 
diminishing in size distally. Oral armature consists of elongate 
basal adambulacral plates. 

Dimensions.—Syntypes, R = 8 mm., r = 2.5 mm., width of 
arms at base = 2.5 mm. Other specimens have similar dimen¬ 
sions. 

Remarks.—The syntypes were, obtained by splitting a slab of 
sandstone, a mould of the apical side coming away with one 
half and a mould of the oral side with the other. A portion 
of the mould of the central plate system of the apical side came 
away with the mould of the oral side, thus obscuring the mouth 
structure. In the paratype, however, this portion is clearly 
seen. Both agree in every essential feature with the generic 
characters of Hudsonaster, in size, arrangement, and form of 
plates on the rays both apically and orally, and in the primitive 
structure of the interbrachial areas. 
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Schuchert (1915, pp. 31-36) regards Hadsonaster as the most 
primitive. Ordovician Stelleroid, and states that it is “ near the 
radicle that gave rise through modification and inheritance to 
all the subsequent Stelleroidea.” Spencer (1915, p. 57) com¬ 
bats this view, and claims ( -ibid 1914, p. 5) that the Stelleroidea 
were evolved from primitive stalked forms with a simple 
arrangement of plates. 

Of the Americana forms, our species most resemble H. 
narrawayi (Hudson) (Schuchert, 1915, p. 59, fig. 1; pi. ii., fig. 
1, pi. iv., fig. 1) from the Middle Ordovician (Black River), 
U.S.A. H. australis is comparable in size, but has several more 
ambulacral plates to each arm. Furthermore, H. narrawayi has 
not the characteristic T-shaped carinae on the ambulacrals of 
the Victorian specimen. 

Another somewhat related form is H. matutinus (Hall), 
(Schuchert, 1915, p. 57, pi. 2, fig. 2; pi. 3, fig. 2; pi. 5, figs. 1, 2) 
from the Trenton Limestone (M. Ordovician) of U.S.A., but 
that species has wider ambulacral grooves and less round 
interbrachial marginals. The disc is somewhat narrower, and 
the disc plates larger. H. mitteri Schuchert (ibid., p. 60, pi. 
4, fig. 2) from the Trenton Limestone is very similar, but apart 
from its oral side it is little understood. 

Associates.— Ampyx yarraensis Chapman, Lindstroemia parua 
Chapman, Brachiopods indet., Crinoids indet., &c. 

Horizon.— Hudsonaster has hitherto been recorded from the 
Middle and the Upper Ordovician of America and the Upper 
Ordovician of the Girvan District, Scotland. Its occurrence 
in Victoria is undoubtedly Silurian, but the beds from which it 
was obtained have not so far been correlated with any other bed 
either stratigraphically or palaeontologically. Its associated 
forms are known from the Melbourne area, but their ranges 
have not been ascertained. 

Locality.—At the summit of an anticline in a cutting on Yan 
Yean-Arthur’s Creek-road, i mile east of Doreen Junction. 

Family PROMOPALAEASTERIDAE Schuchert. 

Sub-Family MESOPALAEASTERINAE Schuchert. 

Genus Caractacaster Spencer. 

Caractacaster yarraensis, sp. nov. 

(PI. X.. Figs. 1, 2; Text-figs. 2, 4.) 

Palaeaster meridionalis Eth. ftt., Chapman. 1913, Aust. Ass. Adv. Sci. 
xiv., p. 214. 

Comparing those forms relegated to P. meridionalis with 
Etheridge’s type, which was kindly loaned to us by the Aus¬ 
tralian Museum, Sydney, we are convinced that they are generic- 
ally distinct and conform to the characters of Caractacaster, a 
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genus erected by Spencer (1916, p. 80) on Palaeaster caractaci 
Gregory, of the Upper Ordovician (Caradocian) of the Welsh 
border. 

Description.—From a relatively small central disc, five rays 
with straight borders taper rapidly, forming an obtuse inter- 
brachial angle. Apically, the disc consists of a depressed 
central portion with a rather small centrale, surrounded by three 
circles of intermediate plates set in irregularly preserved smaller 
accessory plates. 

Rays with a central row of round, tumid and tuberculate 
radialia, of which the primary plate is only very slightly larger 
than the remainder. To each side of these is a single row of 
small and in the distal portions indistinct row of adradialia. 
The arms are bordered by a row of prominent rectangular 
supramarginals, which decrease in size only slowly as the tip of 
the arm is approached. Interbrachial areas distinguished by 
a somewhat enlarged transverse primary interradial and bordered 
by supra-marginals. 

Orally, distinguished by a prominent, rather pear-shaped inter¬ 
brachial axillary, only slightly enclosed by the adjacent infra¬ 
marginals. Ambulacral grooves deep, wide, and gradually 
tapering. Ambulacral plates, 15 or 16 in number, and bearing 
a prominent L-shaped ridge. Podial pores situated laterally, 
close to the adambulacrals. 

Adambulacrals and inframarginals, both rectangular and 
about equal in number, border the rays. 

Structure of the mouth not well defined, but in the holotype 
the oral armature appears to be formed by the prolongation 
of spines from the proximal ambulacral. The spines are curved 
and elongate, and are separated from the axillary interbrachial 
by two small adambulacrals. 

Dimensions.—Holotype, R = 8 mm., r = 2.5 mm. Paratype, 
R = 10 mm., r = 3.0 mm. 

Remarks.—In the holotype, one primary interradial is replaced 
by a rounder and more tumid plate, probably the madreporite. 
In a portion of the rays, the adambulacrals and inframarginals 
appear to be fused into a series of very transverse plates. Closer 
inspection suggests, however, that this is only a false fusion due 
to petrifaction; in the holotype a few of the proximal plates 
show separate rectangular adambulacrals and inframarginals. 

C. yarraensis is smaller than C. caractaci (Gregory) 
(Spencer. 1916, p. 80) of the Upper Ordovician of the Welsh 
border, and has fewer ambulacrals, and the oral armature 
appears somewhat less elongate. C. intermedins (Schuchert) 

|~ = Mesopalaeaster intermedins Schuchert] (Schuchert, 1915, 
p. 79) is similar in size, and resembles our species in the 
occurrence of two small adambulacrals between the interbrachial 
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marginal and the oral armature. The interbrachial marginal and 
inframarginal plates are, however, more prominent in C. 
yarraensis, and the coarse granulation of the adambulacrals found 
in the American species is absent. C. intermedins is an Upper 
Ordovician form in the United States of America. 

Other species which it resembles belong to the, related genus 
Mesopalaeaster. . M. belluhis (Billings) occurs in the Silurian 
(Rochester Shale) of Ontario, and is larger, as well as exhibit¬ 
ing some differences in the inframarginal plates. M. shafferi 
of the Upper Ordovician (Cincinnati Group) is comparable 
in size, but shows the arms terminating apically in large radial 
plates. There are also oral differences. 

Associates.— Petrasier angustior sp. nov., brachiopods, pelecy- 
pods, trilobites, &c. 

Horizon.—Silurian (Yarravian Series). 

Locality.—South Yarra, Victoria. 

Sub-Family PROMOPALAEASTERINAE Schuchert. 

Genus Promopalaeaster Schuchert. 

PrOMOPAEAEASTER MERIDIONALIS (Eth. fil.). 

(PI. XII., Fig. 7; Text-fig. 5.) 

1891. Palaeaster meridionalis Eth. fil., Rec. Aust. Mus., i., pp. 199-200, 
pi. xxx., figs. 16, 17. 

Original description (emended).—Body small; rays mode¬ 
rately long and rather acutely pointed, 15 mm. from the actinial 
centre to the apices; interbrachial angles broad and obtuse; 
abactinial surface unknown. Ambulacral avenues wide in com¬ 
parison to the size of the body, deep, very gradually tapering 
[except at distal end where they taper quickly] , the sides more 
or less straight-walled; ambulacral plates about 20 in number 
on each side, transversely oblong, bearing more or less pyriform 
pores [placed close to the adambulacrals] ; adambulacral plates 
quadrangular [tumid and granulose], [proximally much] smaller 
than the marginal plates, placed along the prominent edges of 
the ambulacral avenues; marginal plates transversely elon¬ 
gated, [tumid and pustulose], slightly supra-marginal in posi¬ 
tion, and thus partially visible dorsallv, diminishing very 
gradually in size towards the apices of the rays; interbrachial 
marginals |inframarginals] apparently two in numbei | it is 
quite clear there are two], much larger than the others, and 
generally triangular in shape [orad to these are two small intei- 
brachial marginals]. Oral plates not distinctly visible but 
apparently lanceolate. [They can be quite well seen, are lan¬ 
ceolate in shape, and adambulacral in origin.] 

Dimensions.—R=16 mm.; r = 6 mm. 
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Observations.—Definitely a Promopalaeaster. Many species 
of Mesopalaeaster bear a quite striking superficial resemblance, 
particularly M. shafferi (Hall) (= Palaeaster shoefferi Hall), 
from Upper Ordovician (Cincinnati) U.S.A.; but Mesopalae¬ 
aster has a single pentagonal axillary interbrachial, while 
Promopalaeaster commonly has two or more interbrachial 
marginals in addition. Promopalaeaster meridionalis has two 
of the latter; but the former cannot clearly be seen. 

Etheridge (Etheridge, 1891) compared his species with several 
Pro mo palae asters, namely P. granulosus (Hall), P. antiquatus 
(Locke), P. exculptus (Miller), and P. dyeri (Meek), all of 
which were then called Palaeaster , and, as Etheridge pointed out, 
were much larger than the Australian species, and exhibited other 
differences. 

A species comparable both in size and in other ways is Promo¬ 
palaeaster wykoffi (Miller and Gurley) (Schuchert, pp. 119-120, 
pi. 18, fig. 6, pi. 19, fig. 2), from the Upper Ordovician (Rich¬ 
mondian) of U.S.A.; but the rays are not as pointed, and the 
ambulacral furrow is wider. 

Associates.— Petraster smythi McCoy; Gregoriura spryi 
Chapman; also brachiopods, pelecypods, trilobites, &c. 

Horizon.—Silurian (Yarravian Series). 

Locality.—Moonee Ponds, Victoria. 


Promopalaeaster meridionalis (Eth. fil.) var. parvior, nov. 

(PI. X., Fig. 5.) 

The specimen shows the oral surface of one complete arm, 
and the margins of the two adjacent arms. 

Description.—Arm petaloid, with wide and shallow ambulacral 
groove. Ambulacrals with a sharp T-shaped carina which 
unites with a narrow extension from the adjacent adambulacral. 
Adambulacrals prominent, siibquadrate, distally, but becoming 
transverse proximally; largest near centre of ray; surface 
convex and pustulose; 17 in length of arm, Podial openings 
large, situated in sutures between ambulacrals and adjacent to 
adambulacrals. Inframarginal plates smaller than adam¬ 
bulacrals, rectangular proximally, but rapidly decreasing in size, 
and becoming elongate distally. Interbrachial angles acute, 
bounded by inframarginals. Between inframarginals and the 
pair of proximal adambulacrals which form the mouth angle- 
plates is a small area probably occupied by accessory plates. 
The structure has not been preserved sufficiently well for 
description. 

Dimensions of Holotype.—R = 7.5 mm.; r = 4 mm. Width 
of arm at widest part, 3.5 mm. 

Remarks.—The variety, as the name indicates, is smaller than 
P. meridionalis. The arms also taper more rapidly in the distal 
half, giving a more petaloid appearance. The inframarginals 
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are not as large nor as quadrate, nor are. there as many plates 
developed in the interbrachial areas. Possibly all these char¬ 
acters may be due to greater youth. 

Associates.— Promopalaeaster meridionalis (Etheridge), Pet- 
raster smythi , &c. 

Horizon.—Silurian (Yarravian Series). 

Locality.—Moonee Ponds Creek, Flemington. Collected by 
Geological Survey of Victoria. 


Family PALASTERINIDAE Gregory (emend.). 

Genus Petraster Billings. 

Petraster (?) aff. americanus (d’Orbigny). 

1915. Petraster (?) americanus (d’Orbigny), Schuchert, p. 146, 
pi. 26, fig. 2. 

The specimen occurs on the same slab as Schuchertia junori, 
sp. nov. ( q.v .), and is only partially exposed. The large in¬ 
framarginals hounding both the arms and the interbrachial arcs 
suggest it is a Petraster , while the shape, and arrangement of the 
other ossicles most closely resemble the above form. 

Horizon.—Silurian. 

Locality.—Collins Quarry, Kinglake West, Victoria. 

Petraster angustior, sp. nov. 

(PL XII., Figs. 4, 5; Text-fig. 6.) 

1913. Palaeaster smythi (McCoy), (pars.) Chapman, Ansi. Assoc. 
Adv. Science, p. 214. 

Specimens 372-6 of the National Museum Collection, Mel¬ 
bourne, were labelled Palaeaster smythi (McCoy) in 1902, and 
published as such above. Specimens 372-4 are in a hard brown 
sandstone and specimens 375 and 376 in a soft grey mudstone. 
All five specimens prove to be quite distinct from Petraster 
smythi McCoy. The first three are described as Petraster 
angustior, sp. nov., but the last two can be described only as 
PaJasterina sp. 

Description.—Arms five, sharply pointed and tapering rapidly 
from broad central disc. Each arm has a prominent central 
ridge along which are situated the convex, polygonal, and pustu- 
lose radials. To either side, but on the slopes of the ridge, is 
a row of small irregular accessory plates, increasing to two rows 
within the confines of the disc. At the base of the ridge is a 
row of supramarginals, similar in appearance to the radials, but 
smaller. The arms are bordered by relatively large subquadrate 
inframarginals, between which and the supramarginals there is, 
proximally, a row of ambital plates. Disc large, and char¬ 
acterized bv a stellate pentagonal ridge. This is made by the 
union of the adjacent portions of the ridge from each ray, 
which portions bifurcate proximally. Inside of this pentagon 
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is a small rounded central disc plate surrounded by a ring of 
rather smaller plates, the whole interspersed with small accessory 
plates. Interbrachial areas broad and obtuse, bordered by in¬ 
framarginals, and consisting of a number of small polygonal 
plates. Ambulacral plates (visible from apical side of specimen 
372) transversely rectangular. 

Dimensions of Holotype.—R = 16 mm.; r = 6 mm. Width 
of arm at base, 5 trim. 

Remarks.— Petyas ter angustior , as the name indicates, has less 
stout arms than Petr aster smythi. Further, the inframarginals 
are not so large, especially in the interbrachial arcs. The nearest 
foreign species is P. speciosus (Miller and Dyer), which is also 
the form nearest to P. smythi. P. speciosus has the distinctive 
central ridge on the arms like the Victorian species ; but it is 
larger. 

Associates.— Caractacaster yarraensis, sp. nov.; brachiopods, 
pelecypods, trilobites, &c. 

Horizon.—Silurian (Yarravian Series). 

Locality.—South Yarra. 


Petraster richi, sp. nov. 

After this paper had gone to press, some recently-acquired 
specimens were brought under our notice by the Director of the 
Geological Survey of Victoria. They have moderately stout 
petaloid arms. Prominent inframarginals border the arms and 
continue across the obtuse interbrachial angles. Between them 
and the mouth angle-plates is a series of small accessory plates. 
These features indicate the genus Petraster. The form is less 
stout than Petraster smythi McCoy; and has more petaloid arms 
and larger inframarginal plates than Petraster angustior, sp. nov. 

Horizon.—Silurian. 

Locality.—1 mile south-east of the Clonbinane Pre-emptive 
Right, just above junction of Comet and Sunday Creeks. 
Specimens 34,508-34,510, 34,514, Geol. Surv. Mus. Pres, by T. 
Rich, Esq. 


Petraster smythi McCoy. 

(PI. XII., Figs. 1, 2.) 

1874. Petraster smythi McCoy. McCoy, Prod. Pal. Vic., Dec. 1, 
p. 41, pi. x., figs. 1, 1 a, lb. 

1913. Palaeastcr smythi (McCoy) (pars.) Chapman, F. On the 
Pal. of the Sil. of Viet., Aust. Assoc. Adv. Science 1913, 
p. 214. 

The genus Petraster was founded by Billings in 1858; but 
the genotype was considered by James Hall in 1868 to be a 
Palaeaster. Hence the listing of Petraster smythi McCoy as 
Palaeastcr smythi (McCoy) by Chapman in 1913. 
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Schuchert, however, in his 1915 monograph (p. 142) was able 
to show that Billing’s holotype was “ a normal individual of a 
distinct genus,” and not a Palaeaster as considered by Hall. In 
the circumstances McCoy’s original name for the Australian 
species must stand. McCoy’s specimen was not a clear one, 
but Schuchert (1915, p. 148) regarded it as a genuine Petraster 
“ so far as could be judged from the description and illustra¬ 
tions.” We are able to confirm Schuchert's conclusion; and 
from specimens obtained by the late Mr. Ge.orge Sweet from 
the Silurian of E. Kilmore, have been able to select an excellent 
plesiotype. Specimens from the Silurian of South Yarra, listed 
by Chapman in 1914 as rr Palaeaster srnythi ” can be shown on 
examination to be a distinct species of Petraster with narrower 
arms than P. smythi. This is described above as Petraster 
angustior. The plesiotype shows very clearly the prominent 
inframarginals bordering the entire form, and the stout ridged 
arms, typical of P extras ter. 

Description of Holotype.—Five broad semi-elliptical lobes 
meeting at slightly rounded re-entering angles, leaving the length 
and the width at the base of the rays nearly equal, and less than 
the width of the disc. The upper surface is covered with 
irregularly polygonal tumid plates. Madreporiform tubercle 
very large (1-J- lines = 2.5 mm. in diameter), irregularly porous, 
and rugged with branching vermicular ridges, excentric towards 
base of the two posterior ridges. Ambulacral groove narrow, 
bordered with a row of large, transversely oblong adambulacral 
plates, wider than long, about 6 in 2 lines ( 7 in ^ cm. ) at 
middle of ray. [This interpretation is surely wrong. The 
transverse plates are the flooring plates of the ambulacral groove. 
They are opposite, and about 12 in a column.] Margin of rays 
bordered with a rather smaller row of similar (?) marginal 
plates (inframarginals). [These are smaller and not so trans¬ 
verse.] Between the row of adambulacral [ambulacral] and 
(infra) marginal plates an intercalary row of small irregular 
plates. [No evidence can be found of such “ irregular ” plates; 
the “ intercalary ” rows referred to are the adambulacrals, which 
are smaller and less transverse than the ambulacrals.] 

Width of disc between the rays 7 lines; from tip to tip of 
rays, about 1 inch 2 lines, length of ray about 5 lines. 

Dimensions.—R = 1.5 cm., r = 7 mm. 

Remarks on Holotype.—The holotype is an impression of the 
dorsal side; but in the case of two of the rays, the apical plates 
are missing, and the ambulacral plates are seen from the inner 
side. The specimen must have suffered a good deal of crushing 
in the course of preservation, for many of the plates are dis¬ 
placed from their normal position, and the structure is not easily 
distinguished. McCoy’s figure is not an accurate reproduction 
of the specimen but a generalized drawing showing the structure. 
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Horizon.—Silurian (Yarravian Series). 

Locality,—Flemington, near Melbourne. 

Description of Plesiotype.—Apical side only. Five short, 
stout arms emerging from a broad central disc. The entire 
body of the animal is bordered by prominent granulate infra¬ 
marginals. These are small and rectangular distally, but become 
much larger and elongate in the interbrachial arcs, where they 
are 4-5 times as long as broad, the long axis being transverse 
to the margin. The total number from the tip of one ray to 
that of an adjacent ray is about 20. A striking feature is their 
loose arrangement. Rays with a central row of polygonal 
radials, situated on a ridge, with a row of supramarginals on 
each side, followed by the inframarginals. Proximally the axis 
of the rays is occupied by two column of plates, which with the 
two supramarginal and two inframarginal columns makes six 
in all, as McCoy shows in his figure of the holotype. Proximally 
numerous accessory plates developed between the radial and 
supramarginal columns and particularly between the latter and the 
bounding inframarginals. The supramarginals can be traced in 
a broad arc across the interbrachial areas, between which and 
the boundary of the disc is a copious development of small 
accessory plates. Structure of central part of disc, and position 
of madreporite uncertain. 

Dimensions.—R 16 mm., r = 6 mm. 

Remarks.—The nearest related species is Pctraster speciosus 
(Miller and Dyer) (Schuchert, 1915, p. 142, pi. 23, figs. 5-7; 
pi. 26, fig. 1; pi. 27, figs. 1-4) from the Upper Ordovician of 
the United States of America. The latter has, however, infra¬ 
marginal plates which do not increase so much in size in the 
interbrachial areas, while the interbrachial arcs are more obtuse. 
While some of the specimens of P. speciosus are of similar size 
to our species, others are, twice the size. 

Associates.— Salterastcr sehvyni (McCoy) ; Salteraster bira- 
dialiSj sp. nov. 

Horizon.—Silurian. 

Locality.—East Kilmore. Discovered by the late Mr. G. 
Sweet, in yellow micaceous sandstone, and comprising part of 
the Sweet Collection presented by him to the National Museum. 

Genus Palasterina McCoy. 

Palasterina sp. 

1913. Palacaster smythi (McCoy) (pars.) Chapman, Aust. Assoc. 

Adv . Science, p. 214. 

The two specimens (375, 376) now described as Palasterina 
sp. were labelled in the National Museum, Melbourne, as 
Palaeaster smythi (McCoy) (now known as Pctraster smythi 
McCoy). 


Palaeozoic Starfish. 


231 


They were with three others (372-4) from the same locality 
which in this paper have been designated Petr aster angustior 
sp. nov. From the latter specimens, numbers 375 and 376 differ 
completely. The arms (the oral side only of which is pre¬ 
served) are bordered by adambulacral plates only, and the inter- 
brachial angles are acute. The grooves are wide and shallow, 
and the rectangular ambulacrals bear L-shaped carinae. The 
arms taper gradually as far as they are preserved, but the distal 
half of three of them is missing. In the remaining two the 
distal portion of two adjacent arms has been bent back into an 
interbrachial angle. This gives a false appearance of a broad 
disc, which perhaps accounts for their original identification. 
Petraster is further excluded by the absence of inframarginals 
from the arms. 

Associates. — Petraster angustior, sp. nov., Caractacaster 
yarraensis, sp. nov., &c. 

Horizon.—Silurian (Yarravian Series). The specimens are 
preserved in a grey mudstone. It is worth noting that the 
three other specimens from the same locality which were classed 
in the National Museum as Palacaster smythi were in a hard 
brown sandstone. 

Locality.—South Yarra. Collected by the late Mr. F. P. 
Spry. 

Palasterina flemingtonensis, sp. nov. 

(PI. XI., Fig. 3; Text-fig. 7.) 

1913. Urasterella sp.. Chapman, -Aust. Assoc. Adv. Science, p. 214. 

This species is based on four specimens from the Silurian of 
“ Flemington,” and judging from the distinctive matrix, probably 
from the Geological Survey Locality (B8). Two were labelled 
Taeni aster by McCoy, and later Urasterella flemingtonensis, 
sp. nov., by Chapman. Another (the holotype of the present 
species) was labelled “ Urasterella , sp. nov., but not Urasterella 
flemingtonensis /’ and the fourth, “ Urasterella (?) spA In spite 
of a certain variation in size, all four specimens have the same 
specific structure. Unfortunately the oral side only is preserved. 

Description.—Five long slender arms tapering slowly and uni¬ 
formly to a sharp extremity. Amhulacral grooves wide and 
deep, the floor made of about fifteen stout rectangular ambula¬ 
crals with a strong and rather broad T-shaped ridge. The lateral 
end of this ridge is in line with a projection from the adjacent 
adambulacral. The adambulacral plates are prominent, rect¬ 
angular to quadrate, and without exception have a convex 
tuberculate surface. Spines formerly attached can be seen 
alongside parts of the arms. Inframarginal plates elongate rect¬ 
angular, but visible only for a short distance from interradius. 
Interbrachial structure consists of a stout lunate interbrachial 
axillary plate adoral to which are a pair of curved tuberculate 
mouth angle-plates. 
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Dimensions of Holotype.—R = 20 mm.; r = 4 mm. Other 
specimens range from this size to one-half. 

Remarks.—The above form has been identified as Palastcrina 
on account of the wide ambulacral grooves bordered by the 
characteristic convex tuberculate adambulacrals. The mouth 
angle-plates, too, are of the Palastcrina type; as are also the 
poorly developed inframarginals. P. flerningtonensis is dis¬ 
tinguished from P. slachi (q. v.) by the absence of the wide 
border of ambital plates, and of the stellate interbrachial plate. 
The narrowing of the ambulacral groove towards the disc is not 
well marked in P. flerningtonensis, though it can be seen in one 
of the arms. This suggests that this character may not lie 
specific, but may merely indicate the degree to which the animal 
has opened the groove. In the case of Palastcrina stachi, how¬ 
ever, the constriction is so marked on each arm that it is surely 
specific. Palastcrina flerningtonensis is most closely related, 
among foreign forms, to Palastcrina primaeva (Forbes), 
( Spencer, 1922, p. 223, pi. xv.. figs. 5-7; pi. xvii., fig. 3, text-figs. 
30, 138, 157-164) from the Ludlow of Westmoreland. England. 
The latter is about the same size; and lacks the abundant 
development of ambital and interradial plates seen in some 
species of Palastcrina , but not in Palastcrina flerningtonensis ♦ 
The interbrachial axillary plate has a concave proximal edge 
and convex distal edge in both forms, but is more slender in 
the Australian species. In Palastcrina primaeva, the tubercles 
on the adambulacrals arc restricted to a ridge; but in P. fletning- 
tonensis they are distributed over the whole surface. This 
indicates a more primitive stage of development. 

Associates.— Sturtzura brisingoides (Gregory) ; Fur caster 
leptosom aides (Chapman); Pctraster smythi McCoy; also 
brachiopods, pelecypods, and trilobites, 

Horizon.—Silurian (Yarravian Series). 

Locality.—“ Flemington,” near Melbourne. 

Palasterina stachi, sp. nov. 

(PI. XI., Figs. 4, 6.) 

Description.—Rays, five, rather stout, uniformly tapering. 
Ambulacral groove wide, deep and petaloid, broadest about distal 
end of proximal third, tapering from there to mouth and more 
so distally. Ambulaerals sub-rectangular, wider than long, and 
with prominent L-shaped ridge, the foot of the L directed 
proximally; 10 to 12 in 10 mm. Adambulacral plates sub¬ 
quadrate, convex and granulate; number about the same as the 
ambulaerals. Mouth angle-plates small, swollen and distinctly 
curved. Interbrachial angles characterized by a large inter¬ 
brachial marginal plate, which is convex and hexagonally stellate 
with a rib radiating to each point, and distinctly pustulose. No 
plates intervene between this plate and the mouth angle-plates. 
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nor between it and the adjacent adambulacrals, but immediately 
to the side of it are three or four (the exact number cannot be 
determined) rectangular inframarginals, which rapidly decrease 
in size along the arm and then disappear. 

The rays are bordered throughout their entire length by a 
series of small, elongate, ambital plates. The width of the border 
is greatest in the interbrachial areas, but gradually tapers dis- 
tally. Apically, the arms consist of a prominent row of rounded 
convex radials on either side of which are a row of more elon¬ 
gate adradials (also convex) and a row of slightly smaller supra- 
marginals. 

Dimensions.—Holotype, R = 20 mm.; r = 7 mm. Paratype, 
R = about 27 mm.; r = 7 mm. 

Remarks.—The species is named after its finder, Mr. L. 
Stach, who a few years ago made a valuable collection of star¬ 
fishes and -crinoids from the Silurian of the Melbourne district. 

The holotype shows the oral side; the paratype is a less perfect 
specimen of the apical side. The form is identified as Pala- 
sterina by the almost entire absence of inframarginal plates 
from the oral side, the petaloid arms, the swollen and curved 
mouth angle-plates and the well-developed ambital plates. The 
two latter characters exclude Urasterella. The polygonal inter¬ 
brachial marginal, with the few adjacent inframarginals also 
suggest Eoactis simplex Spencer (Spencer, 1920, p. 206, pi. i., 
fig. 4 ; pi. xv., fig. 8, text-fig. 147-148) ; but the latter has well- 
developed adambulacrals, and no ambital plates. It is also much 
smaller. The nearest species is P. antiqua (Hisinger) from the 
Wenlock and Ludlow beds of Great Britain (Spencer, 1922. 
p. 228, pi. iv. f fig. 6; pi. xv., fig. 9, pi. xvi., figs. 1, 2, text-figs. 
165-170). The ambulacral groove is constricted proximally as 
in the Victorian species, and in some cases (text-fig. 170) a well- 
developed interbrachial marginal plate is present. P. follmani 
Sturtz (Spencer, supra cit. y pi. xvi., figs. 3-7, text-fig. 171) from 
the Lower Devonian of Germany is a very much larger species, 
but has a well-developed axillary plate like P. stachi. 

Associates.—Crinoids and starfishes indet. 

Horizon.—Silurian (Yarravian Series). 

Locality.—Excavations for foundations of Herald office, 
corner of Collins-place and Flinders-street, Melbourne. 

Holotype and paratype presented to the National Museum by 
Mr. L. Stach. 

Palasterina umbonata, sp. nov. 

(PI. X., Fig. 4.) 

Description.—Five, rather stout, petaloid arms, with wide and 
shallow ambulacral grooves. Ambulacrals opposite; about 20 
in number; rectangular, with prominent proximally directed 
L-shaped carina. Proximal to carina, and about one-third of 
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the distance from the central groove to the adambulacral, is a 
boss-like projection. Adambulacrals equal in number to ambula- 
crals, small, quadrate, with convex piistulose surface, A slight 
prolongation of each adambulacral is in line with the carina of 
the corresponding ambulacral. Oral armature made of five 
pairs of stout curved mouth angle plates. Interbrachial angles 
filled with a large reniform interbrachial axillary plate, and a 
number of other irregular interradial plates, the largest of which 
bound the interbrachial arc. Apical side unknown. 

Dimensions.—R = 20 mm., r=5 mm. 

Remarks.—The specimen on which the above is based was 
labelled -TJrasterella in the National Museum collections. P. 
mnbonata is distinguished from P. stachi and P. flemingtonensis 
by its broader arms, and the presence of the boss-like pro¬ 
tuberances on the ambulacrals. The specific name is a refer¬ 
ence to the latter character. P. stachi is also distinguished by 
the greater development of ambital plates. 

P. mnbonata shows considerable resemblance to P. primaeva 
(Forbes) from the Ludlow of Westmoreland, England. 

(Spencer, 1922, p. 223, pi. xv., figs. 5-7; pi. xvii.. fig. 3; text- 
figs. 30, 138, 157-164). The size and interbrachial structure 
are similar ; but P. primaeva has more prominent adambulacrals, 
and lacks the boss on the ambulacral plates; it also has less 
petaloid arms. 

Horizon.—Silurian. 

Locality.—Near Plenty Ranges, 6 feet beneath surface. 
Specimen purchased by National Museum from Miss M. E. 
Macfarlane. 27th February. 1915. 

Group CRYPTOZONIA Sladen. 

Family UR A STERELLI DA E Schuchert. 

Genus Urasterella McCoy (Emend.). 

Urasterella creswelli, sp. nov. 

(PI. XII., Fig. 6.) 

1913. Urasterella sp., Aust. Assoc. Adz 1 . Science, p. 223. 

Description.—Five slender arms radiating from a small central 
disc. Each arm has its margins almost parallel or only slightly 
tapering for three-quarters of its length, after which it tapers 
more rapidly. Grooves narrow and deep or arched over by 
adambulacrals. Structure of the ambulacrals not visible. 
Adambulacrals like coins set on edge, inclined towards the mouth, 
about nineteen in length of the arm. Viewed orally the adam¬ 
bulacrals appear transversely rectangular with convex surfaces. 
Outside the adambulacrals is a row of subquadrate infra¬ 
marginals which extend the whole length of the arm. These 
increase in size proximallv, become less closely packed, and more 
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triangular in shape. The, latter is due to a lateral, probably 
paxillar, prolongation. Interbrachial angles acute, but structure 
not discernible. Oral structure also lost. Apical side unknown. 

Dimensions,—R=10 mm., r=l mm. Width of arm at 
base = 2 mm. 

Remarks.—The. specimen gives just sufficient information to 
class it as a Urasterellid; but it may be Salteraster. In the 
absence of knowledge of the apical side, it is however best 
identified as Urasterella. Its arms are less petaloid than 
Salteraster selwyni, which form it resembles in size. 

Urasterella ruthveni (Forbes) (Spencer, 1918, p. 140, pi. ix., 
fig. 5; pi. x., figs. 4-6; text-figs. 90, 91) has transverse adam- 
bulacrals like, U. cresswelli, and has the same shape of arm; 
but it is a larger form. It occurs in the Upper Ludlow slates 
of the Lake District, England. U. ruthveni var. leintzmrd ensis 
Spencer (Spencer, 1918, p. 142, pi. ix., figs. 3, 4; text-fig. 92), 
is a slightly smaller form than U. ruthveni, but only the apical 
side is known. It is found in the Lower Ludlow beds of 
Herefordshire, 

Salteraster (?) coronella (Salter) (Spencer, 1918, p. 153, pi. 
xi., fig. 6; text-fig. 99) is the form closest to U. cresswelli in 
size; but it has a broader disc. It is from Lower Silurian 
(May Hill Sandstone,) of England. U. cresswelli is the only 
asteroid known fromi the type locality for the Yeringian 
(Middle Silurian) rocks of Victoria. It is named after the 
Rev. A. W. Creswell, who was a student of Professor McCoy's, 
and who contributed so largely to our knowledge of the 
Yeringian. 

Associates.—It is associated with an abundant fauna of corals, 
brachiopods, pelecypods, trilobites from the neighbouring mud¬ 
stones; and of corals, gasteropods, and ostracods from adjacent 
limestones. 

Horizon.—Silurian (Yeringian). Equivalent to Wenlock. 

Locality.—Lilydale, Victoria. Collected by the late Rev. 
A. W. Cresswell from the “ mudstone quarries.” 

Genus Salteraster Sturtz. 

Salteraster selwyni (McCoy). 

(PI, XL, Figs. 1, 2.) 

1874. Urasterella selwyni McCoy. Prodrom. Pal. Vic., Dec. 1, p. 

42-43, pi. x., figs. 2, 3. 

The name Salteraster was proposed in 1893 by Sturtz, who 
named as the genoholotype, Palaeaster asperrima Salter. Spencer 
(1918, pp. 149-152) re-examined this species, and confirmed the 
erection of the genus Salteraster , which he diagnosed as “ a 
Urasterellid with all its rows of adradialia exactly similar.*’ 
Commenting on the Australian species U. selwyni he said (p. 
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155): “The figures and description suggest that the species 
might really belong to Salter aster, but good structural details 
are not given.” An examination of McCoy's syntypes (moulds 
of the oral and apical sides respectively) confirms Spencer’s 
opinion. Moreover, we have been able to make out some addi¬ 
tional structural details. 

Description.—Rays five, elongate, gradually tapering from a 
little beyond the base, which is slightly contracted. Angulated 
on the upper side by a prominent ridge along the middle of 
each ray, having a row of conical subcircular plates (radials), 
about eight in two lines (18-20 per cm.), each side sloping on 
the dorsal aspect from the middle with about three rows of 
conical tubercular plates (adradials) rather smaller than the 
middle row. Three of the rows are exactly alike—the adradials; 
the fourth—the inframarginals—are only partially visible from 
the apical side and carry elongate spines. The five axil plates 
(axillary interbrachials) small, ovate, triangular, very tumid. 
Plates of central disc consist of a central plate with the five 
primary radials arranged in a circle about it. Adambulacral 
plates large (tuberculose) extending to the tubercular margin, 
(according to McCoy, but it is quite clear that infranlarginals are 
present), transversely oblong, about twice as wide as long 
(about 9 in two lines = about 12 in 5 mm.), the size decreasing 
distalIv. Bounding the adambulacrals for the entire length of 
the arm is a row of rectangular inframarginals, each with a long 
grooved spine. It is the outer end of these spines which are, 
visible from the apical side. Ambulacral plates small rect¬ 
angular and sharply ridged with the characteristic L-shaped 
carina. and large podial pores situated midway between central 
groove and adambulacrals, and in a deep ambulacral groove. 
Surface of plates granular. (Madreporite not observed.) 

Dimensions of Syntypes.—Length of ray from mouth to tip 
six lines (R = 13 mm., r = 2 mm), greatest width near base 
1^ lines (2.5 mm.). 

Remarks.—McCoy was unable to describe the character of the 
oral plates from his types, but other specimens from Kilmore 
are sufficiently clear to show that S', selwyni had the flat tri¬ 
angular oral plates characteristic of the Urasterellids. The 
nature of the spine-bearing ossicles is also of interest, 
Schuchert (1915, p. 174) describes long grooved spines springing 
from the adambulacrals, but Spencer (1914, pi. viii., fig. 7) 
show spines attached to the inframarginals in U. medusa. In 
S. selwyni , the long spines are undoubtedly attached to the 
inframarginals. McCoy compared 5. selwyni with U. ruthveni 
(Forbes) from the Upper Ludlow beds of the Lake district; 
but this form is a true Urasterella , and is distinctly larger. A 
more closely related species now known is S. (?) coronclla 
(Salter) (Spencer, 1918, p. 153, pi. xi., fig. 6; text-fig. 99). 
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The ossicles of the apical side are somewhat similar; but the 
form has less pointed arms and is smaller than X. selwyni. 
S. (?) coronella is from the Lower Silurian (May Hill Sand¬ 
stones) of Worcestershire. 

Associates.— Salteraster biradialis, sp. nov. Also Dalmanites 
mcridianus; corals, brachiopods, &c. 

Horizon.—Silurian. 

Locality.—Range on E. side of Commonage, Kilmore. G.S.V. 
Loc. Bb23. 


Salteraster biradialis, sp. nov. 

(PI. XL, Fig. 5; Text-figs. 9, 10.) 

Five relatively slender convex arms radiating from a small 
central disc. For almost the entire visible length the sides of 
the arms are parallel, but the distal ends are in no case pre¬ 
served. Apical sides of arms with two columns of sub¬ 
quadrate to rectangular radials, each with a granulate surface 
and a boss-like eminence. Entire, margins of the rays made of 
row of inframarginal plates. In apical view these are round, 
with a convex surface, but laterally they can be seen to be 
elongate. Outside of them, in a few cases, there are some 
small plates, which must be displaced adambulacrals. Inter- 
brachial angles with a small round interbrachial marginal visible 
also from oral side. Grooves wide, ambulacrals rectangular and 
ridged. Adambulacrals (15-20) prominent, swollen, and trans¬ 
verse rectangular, Inframarginals not visible, except close to 
interradius where they appear as a few small round plates. Oral 
plates small and triangular. 

Dimensions.—Holotype : R = about 12 mm. ; r = 1.5 mm. 
Paratype: R = about 7 mm. (but distal end of arm not visible) ; 
r = 1 mm. 

Remarks.— S. biradialis is distinguished from S 1 sekuyni by 
the shape of the arms, and the distinctive arrangement of the 
two central radial columns. The most nearly related foreign 
form is 5'. (?) coronella (Salter) (Spencer, 1914, p. 153, pi. xi., 
fig. 6; text-fig. 99) from the Lower Silurian (May Hill Sand¬ 
stone) of Great Britain. This form, has, however, a single 
central radial column. It is also smaller. Most of the arms 
have the distal third broken off, but one which is better pre¬ 
served is curved into an open S. This indicates a wriggling 
method of progression. 

Associates.—As for X. selwyni. 

Locality.—Range, E. side of Commonage Reserve., Kilmore. 
Geol. Surv. Viet, Loc. Bb23. 

Horizon.—Silurian, from the same open reddish sandstone bed 
as S. sekuyni. 
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Family SCHUCHERTIIDAE Schuchert. 

Genus Schuchertia Gregory. 

SCHUCHERTIA JltNORI, Sp. nOV. 

(PL X., Fig. 3.) 

Description:—Central disc of moderate size, with five long and 
pointed rays. Apical side unknown. Orally, grooves narrow; 
ambulacrals strongly carinated; podial openings on sutures 
between plates, and close to adainbulacrals. Exact number of 
ambulacrals difficult to determine, but in length of 10 mm. near 
centre of one of arms there are about 11. Adainbulacrals well 
developed, with convex granular surface, proximally sub¬ 
quadrate, medially more rectangular and distally broadly lunate. 
Each ambulacra! is angulate nearest the ambulacral groove, the 
angle pointing to the carina of the adjoining ambulacral. 
Decreasing in size distally—most rapidly towards the slender tip 
of the ray. Inframarginal plates prominent, particularly in the 
proximal region where they are larger than adainbulacrals, sub¬ 
quadrate to transversely rectangular, with convex, granular 
surface. Distally, they rapidly decrease in size, till medially 
they are elongate, rectangular, and much smaller than the adam- 
bulacrals. In places, particularly distally, the inframarginals 
appear to bear elongate spines, but from the sporadic occurrence 
of these they are probably paxillae displaced from the apical 
surface. Mouth angle plates adambttlacral, large, high, and 
somewhat narrow. Interbrachial areas characterized by a rather 
prominent interbrachial marginal to either side of which are 
large inframarginals, while ado rally are the prominent mouth 
angle plates and externally a mass of interbrachial accessory 
plates. These are mostly irregularly shaped and margin the 
arms for over one-half their length. 

Madreporite fairly large, situated orally, in one of the inter¬ 
brachial angles and close to the bordering inframarginals of one 
arm. finely and radially striate. 

Dimensions of Holotype.—R = 3.5 cm., r = 9 mm.; dianfeter 
of madreporite, 2.0 mm. 

Remarks.—This fine specimen is named after its finder, Mr. 
P. Junor, of Kinglake West, who was good enough to present 
it to the National Museum, Melbourne. 

Generically it has some of the, characters of both Petr aster 
and Pa-lasterina; it is excluded from the first by the absence of 
accessory plates from the area between the interbrachial mar¬ 
ginal plate, and the mouth; from the second by the prominent 
inframarginals which margin the oral side of the arms. The 
most closely related species is N. laxata Schuchert, from the 
Upper Ordovician of Great Britain and America (Schuchert, 
p. 198, pi. 32, fig. 3, pi. 33, figs. 2, 3; Spencer, 1920, pi. v., p. 
212, pi. xv., fig. 1, text-figs. 150-153), but it is stouter, and its 
arms are shorter and disc broader than S. junori. Nevertheless, 


Palaeozoic Starfish. 


239 


the narrow ainbulacral furrows, strongly carinate ambulacrals, 
shape of ambulacral plates and structure of interbrachial arcs 
suggest a close relationship. Another form which resembles 
ours is 5. wenlocki Spencer (Spencer, 1920, p. 215, pi. xiv., figs. 
5, 6, pi. xv., figs, 2-4, text-figs. 124, 127, 143, 145, 154-156) 
from the, Wenlock of Britain. 5'. wenlocki has, however, a much 
larger madreporite and a wide ambulacral groove. 

Associates.— Pleurodictyum megastomum Dun, Fnreaster lep- 
tosomoides (Chapman), Sturtsura brising aides (Gregory), 
Chonetes bipartita Chapman, Rhynchotrema liopleura McCoy, 
Rutroclypeus junori Withers. 

Horizon.—Silurian. The above facies is distinctly Upper 

Silurian. 

Locality.—Collins Quarry, Kinglake West, in hard greenish 
sandstone. 

ScHUCHERTIA MACRARTA, Sp. nOV. 

(PI. XII., Fig. 3; Text-fig. 8.) 

Description.—Pentagonal disc with five relatively slender rays 
arising somewhat abruptly, tapering slightly to the distal third, 
then rapidly to the terminal plate, which is imperfectly preserved. 
Ambulacral grooves relatively wide. Ambulacrals broad, about 
20 in number, rectangular, opposite, with L-shaped ridges, the 
foot of the L directed along the median groove towards the disc. 
Adambulacrals smaller than ambulacrals, asymmetrically lunate- 
triangular, concave towards mouth, the inner end of the lune 
being in the same line as the carina of the adjacent ambulacral, 
swollen and finely granulate. The transverse axis of each 
adambulacral is not at right angles to the. median axis of the 
arm, but has its outer end directed away from the disc. Infra- 
marginals elongate and rectangular and smaller than the ambula¬ 
crals, extend for about one-half the length of the arm, but have 
not been found on all the arms. The oral structure has been lost 
from the central disc; instead, is seen the inner side of the 
covering plates which are polygonal and numerous. It is not 
possible to define the boundary between the inframarginals and 
the numerous interbrachial accessory plates, nor is the outer 
margin of the latter clearly defined, though probably concave. 
Few of the interbrachial accessory plates extend along the arms, 
and then only for a short distance. The arms are in conse¬ 
quence relatively slender and appear to leave the disc abruptly. 

Dimensions of Holotype.—R:r::40 mm. :15 mm. These 
measurements are not exact as the outer margin of the disc and 
terminal plates of the rays are not clearly shown. 

Remarks.—The holotype, which was found by Mr. R. Evans, 
is not well preserved, the interbrachial and oral structure being 
ill-defined. The inframarginal plates may be seen bounding the 
arm for about two-thirds their length, which character excludes 
the genus Palasterina, On the other hand, the inframarginals 
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are not sufficiently conspicuous for Petraster, nor are the arms 
stout enough. The closest form is Schuchertia wenlocki 
Spencer, from the Wenlock of Great Britain (Spencer, 1920, 
p. 215, pi. xiv., figs. 5, 6; pi. xv., figs. 2-4, text-figs, 124, 127, 
143, 145, 154—156). The distinctive shape of the adambulacrals 
is the same in both forms ( vide Spencer, loc. cit figs. 124, 155). 
The arms are, however, rather more petaloid than in S. wenlocki, 
and the inframarginals are not so well developed. In these 
respects our form shows some relationship with Palasterina 
primaeva (Forbes) (Spencer, loc. cit., p. 225, fig. 161). The 
ratio R: r is about the same in S. macrarta and 5'. wenlocki, but 
the former is about twice as large. Indeed, S. macrarta is as 
large as the largest specimen of the American Upper Ordovician 
species, S. laxata Schuchert (Schuchert, 1915, pp. 198-9, pi. 32, 
fig. 3; pi. 33, figs. 2, 3; Spencer, loc. cit., p. 212, pi. xv., fig. 1, 
text-figs 150-153). In other respects, S. laxata is not closely 
related. The specific name refers to the slender arms (Latin, 
macer , lean; artus , limb). 

Associates.— Bythotrepis gracilis (J. Hall). DiscophyHum 

mirabile Chapman (also found by Mr. R. Evans), Camarotoechia 
sp., Nucleospira australis McCoy, Enomphalus sp., Conularia sp., 
? Endoceras .sp., ? Ooceras sp., Calymene sp., Encrinurus sp. 
Horizon.—Silurian. 

Locality.—Hoffman Brick Pit, Brunswick, in bluish mudstone, 
100 feet below the surface. 
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Text-figs. 1-10. 

Fig. 1 .—Hudsonaster australis sp. nov. Apical side X 7. 

Fig. 2 .—Caractacastcr yarraensis sp. nov. Apical side X 7. 

Fig. 3 .—Hudsonaster australis sp. nov. Oral side X 7. 

Fig. 4 .—Caractacastcr yarraensis sp. nov. Oral view of interbrachiai 

structure. X 7. 

Fig. 5 .—Prornopalaeastcr meridionalis (Eth. fil.) Oral view of inter- 
brachial structure. X 6. 

Fig. 6 .—Petraster angustior sp. nov. Apical side X 2. 

Fig. 7 .—Palasterina flemingtonensis sp. nov. Oral view of interbrachiai 
structure X 10. 

Fig. 8 .—Schuchcrtia macrarta sp. nov. Arrangement of ossicles on oral 
side in proximal region of arm X 4. 

Fig. 9 .—Salteraster biradialis sp. nov. Oral view of portion of arm X 8. 

Fig. 10 .—Salteraster biradialis sp. nov. Apical view of portion of arm 
and interradius X 10. 


Explanation of Plates X.-XII. 

Plate X. 

Fig. 1 .—Caractacaster yarraensis, sp. nov. Oral surface of syntype. X 4. 

South Yarra. Coll, by F. P. Spry. Nat. Mus. Coll., No. 377. 
Fig. 2.—C. yarraensis, sp. nov. Apical surface of syntype. X 4. South 
Yarra. Coll, by F. P. Spry. Nat. Mus. Coll., No. 377. 

Fig. 3 .—S clinch ertia junori , sp. nov. Oral surface of holotype. X 1.5. 

Collins Quarry, Kinglake West. Coll, and pres, by P. Tunor. 
Nat. Mus. Coll,, No. 13808. 

Fig. 4 .—Palasterina umbonata, sp. nov. Oral surface of holotype. X 1.5. 

Near Plenty Ranges, 6 feet beneath surface. Purchased by Nat. 
Mus. from Miss M. E. Macfarlane. No. 13810. 

Fig. 5 .—Promopalaeaster meridionalis (Eth. fil.) var. parvior, nov. Oral 
surface of holotype. X 3. Moonee Ponds Creek, Flemington. 
Coll, by Geol. Surv., Viet. Nat. Mus. Coll., No. 13816. 

Fig. 6 .—Hudsonaster australis , sp. nov. Oral surface of syntype. X 1.5. 

At the summit of an anticline in a cutting on Yan Yean-Arthur’s 
Creek-road. & mile east of Doreen Junction. Nat. Mus. Coll., No. 
13806. 


Plate XI. 

Fig. 1 .—Salteraster selwyni (McCoy). Oral side of syntype. X 2.5. Range 
on east side of Commonage, Kilmore. Geol. Surv. Loc. Bb 23. 
Nat. Mus. Coll,, No. 12207. 

Fig. 2 .—Salteraster selwyni (McCoy). Apical side of syntype. X 2.5. 

Same locality. Nat. Mus. Coll. No. 12208. 

Fig. 3 .—Palasterina flemingtonensis, sp. nov. Oral side of holotype. 

X 1.5. ‘‘Flemington,” near Melbourne. Nat. Mus. Coll;. No. 

13813. 

Fig. 4 .—Palasterina stachi , sp. nov. Oral side of holotype. X 2. Excava¬ 
tion for foundation of Herald Office, corner of Collins-place and 
Flinders-street, Melbourne. Pres, by L. Stach. Nat. Mus. Coll., 
No. 13811. 

Fig. 5 .—Salteraster biradialis , sp. nov. Photograph of holotype showing 
arrangement of adradials on apical side. X 2.3. Range east of 
Commonage Reserve, Kilmore. Geol. Surv. Loc. Bb. 23. Nat. 
Mus. Coll., No. 352. 

Fig. 6 .—Palasterina stachi, sp. nov. Apical side of paratype. X 2. Same 
locality as holotype. Nat. Alus. Coll., No. 13812. 
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Plate XII. 

Fig. 1.— Petraster smythi (McCoy). Apical side. X 1.5. Wax impression 
of plesiotype. From near East Kilmore. Sweet Coll., Nat. Mus. 
Coll., No. 13815. 

Fig. 2.— P. smythi (McCoy). Apical side of holotype. X 1.5. Moonee 
Ponds Creek, Flemington. Nat. Mus. Coll., No. 7604. 

Fig. 3.— Schuchertin macrarta, sp. nov. Oral surface imperfectly pre¬ 
served. X 1,5. Hoffman Brick Pit, Brunswick. Nat. Mus. Coll., 
No. 13809. 

Fig. 4.— Petraster angustior, sp. nov. Apical surface of holotype. X 1.5. 

South Yarra. Nat. Mus. Coll., No. 3/4. 

Fig. 5.— Petraster angustior, sp. nov. Paratvpe, showing apical view of 
ambulacrals. X 1.5. South Yarra. Nat. Mus. Coll., No. 372. 
Fig. 6.— l J raster ell a crcsswelli, sp. nov. Oral side of holotype. X 1.4. 
Mudstone Quarries, Lilvdale. Coll, and pres, by Rev. A. W. 
Cresswell to Nat. Mus. Coll., No. 13817. 

Fig. 7.— Promopalaeaster meridionalis (Eth. fil.). Photograph of 
Etheridge’s type in possession of Australian Museum, Sydney. 
X 1.4. 
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[Proc. Roy. Soc. Victoria, 46 (N.S.), Pt. II., 1934.] 

Art. XX.— On some Australian Ciirculionoidea. Part 2. 

By CHARLES OKE. 

TRead 14th December, 1933; issued separately 7th May, 1934.] 

This article contains the description of two new genera, eight 
new species, and one new variety, with some notes on previously 
described species, and is in continuation of my first part on this 
superfamily. A new genus, Ipsocossonus, has been proposed in 
the family Ipidae. The typical species looks very like some of 
the true weevils, belonging to the subfamily Cossoninae, but this 
appearance is only superficial, as its characters are certainly 
those of Ipidae. In the family Anthribidae a new species of 
Allochromicis has brought this beautiful genus, hitherto known 
only from Queensland and Ndw South Wales, into the Victorian 
lists. In the true weevils, a small species of Rhadinosomus is 
described, four new species have been added to the genus 
Mandalotus, a new variety of Isacantha papulosa Pasc. is noted, 
and a new genus, Cisolea, has been proposed for a very 
interesting species found in Northern New South Wales, with 
only three tarsal segments, which lias been rather doubtfully 
referred to the Rhyparosominae. 

Family IPIDAE. 

Section MIXODENTATAE. 

Ipsocossonus, n. gen. 

Body elongate, subcylindric, finely pubescent. Head small, 
round, deflexed, produced into a short rostrum, with distinct, 
transverse antennal scrobes. Antennae rather short; scape 
curved, same length as funicle; funicle of seven segments, the 
first and second elongate, the others transverse; club ovate, of 
four segments. Eyes large, transverse, subelliptic, facets of 
moderate size. Mandibles short and broad, trilobed on inner 
edge. Maxilla with its chewing-edge furnished with spines and 
hairs, the outer edge with a few long hairs; palpi of three seg¬ 
ments. Labium elongate, narrowed to apex, where there are 
three groups of long hairs; palpi of three segments; the first 
stout, the second small, transverse, the third small, round. 
Prothorax longer than wide, slightly produced over head, 
hollowed on its lower-anterior edge, and deeply grooved to front 
coxae. Scutellum very small, rounded behind. Elytra elongate, 
striate-punctate. Mesosternum very short, with episterna and 
epimera well developed. Metasternum long, lightly sulcate down 
centre; episterna fairly wide. First segment of abdomen as long 
as next three combined, second, third, and fourth subequal, fifth 
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about twice the length of fourth. Anterior coxae almost 
touching, intermediate well separated, posterior a little further 
apart. Legs fairly long; femora lightly compressed; tibiae 
strongly compressed and widened to apices, which are obliquely 
grooved for tarsi and strongly spurred, the outer edge strongly 
denticulate; tarsi of moderate length, the first segment longer 
than the second, second and third equal, fourth a little longer 
than first, without a basal node. 

This genus is proposed for a species that has the appearance 
of belonging to the Cossoilinae rather than to the Ipidae. Its 
long narrow form, almost glabrous body, and the rostrum, with 
distinct scrobes, are suggestive of Cossoninae; but by the non- 
geniculate antennae, the denticulate tibiae, and the mouth parts, 
it must be referred to the Ipidae. The inner edge of the maxilla 
having both spines and hairs would place the genus in 
Hagendorn’s section Mixodentatae, but it has little in common 
with the only genus placed there in Wytsman’s Gen. 
Insectorum( 8). There is no sign, even in a balsam slide, of 
the node at the base of the fourth tarsal segment, so usual in 
this family. 

Genotype, 7. anomalus, n. sp. 

Ipsocossonus anomalus, n. sp. 

(Figs. 1-7.) 

Piceous. Uppersurface very sparsely clothed with short 
yellowish pubescence, except near apex of rostrum, where it 
is fairly long and plentiful; undersurface moderately clothed 
with pale ashen pubescence. Subopaque. The whole insect 
covered with fine criss-cross lines. 

Head convex, the base with small, dense punctures, becoming 
larger and distinctly unibellicate on frons and rostrum. 
Rostrum narrower than head, lightly emarginate at apex, and 
with a distinct median carina from base to apex. Antennae 
with scape a little longer than funicle, strongly curved, clavate 
at apex; first segment of funicle curved, thin at base, suddenly 
clavate near apex, second obconical, third to seventh transverse, 
increasing in width; club large, nearly length of funicle. 
Prothorax widest about apical fourth, the apex recurved, with 
angles widely rounded off, the base truncate with angles lightly 
rounded; with large, subreticulatc, umbellicate punctures. Elytra 
about twice as long as prothorax, base truncate, with angles 
lightly rounded off, sides parallel to apical slope, apex rounded; 
the striae with fairly large punctures, the interstices rugulose. 
Metasternum and abdomen with rather small punctures on the 
disc but much larger on sides and episternae. The apical segment 
of abdomen with a large, shallow impression. Legs roughly 
punctured all over; all the tibiae with three large teeth near apex 
and several small ones on outer edge. Length, 4.25 mm. 

Hab. Victoria: Violet Town (C. Oke). 
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A very distinct species from any previously described from 
Australia, or, as far as I have been able to ascertain, from else¬ 
where. The two specimens examined were taken from an old 
log and are almost certainly males, as the apical half of the 
metasternum has a moderately wide and deep channel and the 
apex of the abdomen is distinctly foveate. 

Type in coll. Oke. 


Family ANTHRIBIDAE. 

Allochromicis montanus, n. sp. 

(Fig. 8.) 

Scarlet and blackish-brown. Moderately clothed with fairly 
long, white, black, and reddish pubescence. 

Head moderately convex, densely longitudinally strigose. Eyes 
large, elliptic, strongly facetted. Rostrum rather strongly dilated 
to apex, about twice the length of width at apex; with a fine 
median carina from base to near apex and a finer one on either 
side from base to insertion of antennae; from base to insertion of 
antennae with fine reticulate punctures, becoming substrigose 
near apex. Antennae moderately stout, second segment same 
thickness as, and longer than visible part of first, longer and 
stouter than third, third to sixth decreasing, seventh and eighth 
increasing again, eighth about as long as wide, ninth and tenth 
suddenly much wider, subequal, eleventh one and a half times 
as long as tenth, bluntly pointed. Prothorax widest at subbasal 
carina, where it is equal to the length; subbasal carina arcuate, 
nearer base in centre than on sides. Elytra wider than 
prothorax, with a shallow, oblique impression across basal fourth, 
with rows of large punctures in feeble striae, the interstices with 
fine close punctures. Undersurface of rostrum and prosternum 
with close, large punctures; metasternum and abdomen with 
sparse, fine punctures. Length, 4 mm. 

Hab. Victoria: Warburton, Mount Donna Buang at 4,048 feet. 
(C. Oke.) 


(Figs. 1-20.) 

1-7.—Ipsocossonus anomalus, n. sp.: 1. Imago. 2. Antenna. 3. Ataxilla. 
4. Two spines of maxilla. 5. Labium. 6. External portion of mandible. 
7. Part of intermediate leg. 

8. Allochromicis montanus, n. sp. 9. Rhadinosomus parvus, n. sp. 10. 
Antenna of same. 11. Antenna of R. lacordairei Pasc. 

12-20.—Parts of legs of male Mandaloti, except 18, which is of a female: 
12-14. M. luciphilus, n. sp.; 12. Anterior. 13. Intermediate. 14. Posterior 
(inner side). 15-16. M. exilis, n. sp.: 15. Anterior. 16. Posterior. 17-20. 
M. sternocerus Lea.: 17. Anterior. 18. Anterior (female). 19. Posterior. 
20. Posterior femur. 





Figs. 1-20. 
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The type when alive was bright scarlet and piceous, and still 
is when wetted, but ordinarily the brighter colour has faded to 
salmon. The prothorax is dark, except the apex and centre of 
base of pronotum; there is a black band around the centre of 
each femur and the apices of the tibiae arc infuscated, as also 
are the ninth and tenth segments of antennae. The dark 
markings on the elytra are the suture and two interstices from 
base to basal third, from the outer edge of which an oblique 
fascia runs towards the apical third of margin, but does not 
quite attain the margin, and part of the apical declivity is 
infuscated. The abdomen is convex throughout. 

This species is nearer A. bifasciatus Lea(3) than the other 
two described species, but the apical segment of antenna is paler 
than tenth, the elytral markings and its puncturation are also 
different. In the present species all the larger punctures on the 
the elytra are in rows. 

Types in coll. Oke. 

Family C.URCULIONIDAE, 

Subfamily BRACHYDERINAE. 

Rhadinosom us parvus, n. sp. 

(Figs. 9, 10.) 

Dark reddish; with head, rostrum, abdomen, antennae, tarsi, 
and apical mucros of elytra piceous. Moderately clothed with 
thin, elongate, whitish scales, these becoming round on sides of 
elytra, where they are condensed in the middle into a short 
oblique vitta. 

Head lightly widened from base to eyes, where it is strongly 
impressed; with large, round, rough punctures. Rostrum dilated 
to apex; punctures as on head. Antennae with scape strongly 
curved, clavate at apex; funicle with first segment curved and 
longer than second, second to sixth subequal, seventh much 
wider and clasping club; club as long as three, preceding com¬ 
bined. Prothorax subcylindric, incurved on sides from base to 
near coxae; with fine, transverse strigosity and a few large 
punctures on anterior portion. Elytra widened from base to 
about middle and then abruptly narrowed to apex; apex of each 
elytron produced into a fairly long mucro; striae with rows of 
close punctures, wider than the interstices. Length, 5.50 mm. 

Hab. New South Wales: Dorrigo. (C. Oke. ) 

Distinguished from R . lacordairei Base. (7) by its small size 
and antennae and from R. frater Bl.(T) (which Lea(2). thought 
was the same species as Pascoe’s) by its antennae and the head 
impressed between the eyes. Numerous specimens were seen on 
a small, rather prickly, shrub. 

Types in coll. Oke. 
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Subfamily LEPTOPINAE. 

Mandalotus sternocerus Lea. 

(Figs. 17-20.) 

Lea, Proc. Linn. Soc. N.S.W., lii., p. 357, 1927. 

This species was noted as from Victoria only. A pair, one 
of each sex, which I took near Ballarat, agree with the descrip¬ 
tion in all particulars. But the hind femora might easily be 
considered as dentate at the apex, in fact they are more so than 
in some species of the Cryptorhynchinae. Figures are given for 
comparison with other species. 


Mandalotus decipiens Lea. 

Lea, Trans, Roy. Soc. S. Aiist., xxxvi., 1914. 

I obtained a single male of this species right on top of Mount 
Kosciusko, New South Wales. It is evidently an alpine form. 

First record for New South Wales. 


Mandalotus graminicola Oke. 

Oke, Proc. Roy. Soc. Vic. (n.s.), xliii. (2), p. 186, 1931. 

Lea gave this as a synonym of his M. rufipes(p) , but in this 
I think that he was in error, and that it is more likely that M. 
rufip es Lea and M. dentic iilatus Lea are the same species. 

In M. graminicola Oke the pronotum is less dilated than in 
M. denticulatus Lea, and the females of the latter are larger 
than those of the former. Lea described the separation of the 
front coxae in M. denticulatus as touching, and I took that as 
my guide in so describing M. graminicola, as the front coxae are 
the same in the two species, taken male to male and female to 
female; in the latter sex they are a little further apart. Lea did 
not have a female of my species when he wrote his note. For 
the present the three names must stand. 


Mandalotus medcoxalis Lea. 

Rec. S.A. Mils* HI, p. 179, 1926. 

In the description of this species Lea said, “ hind (tibiae) 
with an oblique ridge on lower surface ” and in the note below: 
“ The ridge on the hind tibiae from the sides appears as a small 
tooth/ 5 and was so noted in the key(4). The illustration (5) 
shows quite a distinct sharp tooth. I obtained .three males at 
Dorrigo, the type locality, only one of which could be said to be 
dentate, the second is distinctly ridged, while the third is so 
indistinctly ridged that it is scarcely traceable. 
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Mandalotijs foveatus Lea. 

Trans. Roy. Soc. S.A., xxxvi., p. 76, 1912. 

By a curious coincidence I obtained seven specimens of this 
species, at Dorrigo, the same number that Mr. Carter found at 
Guyra. They all agree with the description. In all cases the 
pronotum has the appearance of being abraded, with the granules 
very distinct and shining, which must be the natural condition. 

Mandalotus obliquus, n. sp. 

(Figs. 21-22.) 

Piceous, funicle, club and tibiae diluted with red, tarsi almost 
flavous. Densely clothed with ochreous and light-brown scales, 
interspersed with stout, curved setae; anterior tibiae with fine, pale 
cilia. 

Male. —Rostrum stout and strongly curved; carina, if present, 
not traceable through clothing. Antennae of moderate length; 
scape strongly curved and dilated at apex; funicle with first 
segment longer than second, second as long as next two com¬ 
bined; club sub fusiform, about the length of four preceding- 
combined. Prothorax transverse, widest about middle, lightly 
bilobed on sides; surface very uneven and subtuberculate, with 
an impression on either side of middle near apex and another 
near base. Elytra evenly arcuate at base, but from behind 
appearing to be interrupted by the bases of the third and fifth 
interstices; shoulders lightly produced, behind which strongly 
notched to subhumeral process and evenly narrowing from 
process to apex; strongly tuberculate; with punctures in striae 
appearing narrower than interstices, through clothing. Meta- 
sternum shorter than usual and incurved at apex; lightly 
concave. Basal segment of abdomen strongly raised in middle, 
where it is highly polished and with a carina on either side and 
a more strongly raised one near apex, obliquely directed forward, 
forming three sides of a square. Anterior and intermediate 
coxae widely and equally separated. All tibiae dilated and 
spurred at apex; anterior rather strongly curved; posterior with 
a small tooth on inner side near apex. 

Female. —Differs in being smaller, less strongly tuberculate, 
anterior tibiae not so widely curved and posterior without sub- 
apical tooth, and abdomen simply convex. Length—Male, 
54 mm.; female 4} mm. 

Hab. New South Wales: Dorrigo. (C. Oke.) 

A very distinct species not closely allied to any described 
one, and hence difficult to place in the Key(4) but could be 
taken as far as DD, gg, m. From the species placed there it is 
easily separated by its tuberculate pronotum and elytra. 
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The tubercles on the elytra are, on first interstice: a semi- 
conjoined one on edge of apical slope and a slightly larger one 
half way down apical slope; on third interstice: an elongate one 
on base (largest on elytra) a post median (second largest) and 
a small one on edge of apical slope; on fifth: a small one on 
the base and a small antemedian; on sixth: a fairly large one 
on edge of apical slope and one, slightly sharper, down the slope, 
on margin of elytra; on seventh: a small one just behind the 
shoulder and a small submedian. 

Types in coll. Oke. 

Mandolotus luciphilus, n. sp. 

(Figs. 12-14.) 

Blackish-brown, legs and antennae diluted with red. Densely 
clothed with muddy-brown scales, interspersed with pale, curved 
setae; anterior tibiae with soft, short setae, but not ciliate. 

Male .—Rostrum short and stout, median carina not traceable. 
Antennae fairly long. Eyes rather small and round. Prothorax 
lightly transverse, widest about apical third, thence gradually 
decreasing to base and suddenly to apex; surface moderately 
uneven. Elytra conjointly arcuate at base, rather suddenly 
widened to subhumeral process and then evenly narrowed to 
apical slope; suture posteriorly and parts of odd interstices 
lightly elevated; punctures in striae appearing small through 
clothing, but mostly obscured. Metasternum and basal segment 
of abdomen widely, but not deeply, depressed. Front and middle 
coxae narrowly and equally separated; the middle coxae ridged 
and produced into an oblique tooth. Anterior tibiae thickened 
to basal third then obliquely cut away and again, sinuately, 
thickened to apex, which is spurred ; on the hollowed part it is 
roughened or feebly denticulate. Intermediate tibiae sharply 
dentate at apex; posterior lightly arched, with three carinae near 
apex. Length, 4.25 mm. 

Hab. New South Wales: Paterson (C. Oke), attracted to camp 
light. 

The pronotum before abrasion appears to have about nine 
sub-tubercular swellings. On abrading a small part of pronotum 
it was seen to have fairly numerous, but feebly defined, nodules, 
without any definite arrangement. 

The anterior and intermediate coxae narrowly and equally 
separated seems to make a new section, NNNN, necessary for 
this species. If it be referred to NN it would fall beside 
M. tibialis Lea, which is a very different species. It is closer 
to the description of M. oxyomus Lea and M. medianus Lea, 
but with prothoracic. granules not transversely arranged and 
tibiae different. 

Type (unique) in coll. Oke. 
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Mandalotus exilis, n. sp. 

(Figs. 15, 16, 23.) 

Black, antennae and legs reddish. Densely clothed with dingy, 
variegated scales, interspersed with short, curved, stout setae; 
undersurface with very short, sparse pubescence. 

Male— Rostrum stout and curved; median carina obsolete. 
Antennae moderately long. Broth or ax transverse, strongly 
rounded on the sides; without a median impression; with fairly 
distinct granules, even before abrasion, showing a rather feeble 
transverse arrangement. Elytra conjointly arcuate at base, sub- 
humeral notch very faint, evenly narrowing to apex; interstices 
feebly raised, striae with punctures appearing small through 
clothing, but on abrasion seen to be as >vide as interstices. Under¬ 
surface with rather small, distinct punctures. Metasternum and 
basal segment of abdomen with a wide and fairly deep impres¬ 
sion, this bounded behind by a short, straight carina, almost at 
apex of segment, the ends of the carina produced into small 
points. Anterior and intermediate coxae equally, and rather 
widely, separated. Tibiae spurred at apex; anterior appearing 
bisinuate from the sides, with the apical sinus longer and deeper 
than the basal. 

Female .—Differs in having the prothorax narrower, the elytral 
punctures smaller, the abdomen convex and without a carina, and 
the anterior tibiae less sinuate. Length, 2.50-2.70 mm. 

Hab. Victoria: Bendigo (C. Oke), Castlemaine (E. Nye). 

In the Key (4) falls beside M. rccticarinatus Lea, from which 
it differs in not having a medial impression on pronotum and in 
having the impression on basal segment of abdomen. From some 
directions there appears to be a distinct tubercle at either end 
of the abdominal carina, but from other angles they are seen as 
part of the carina itself. 

The sides of the prothorax are whitish on all the specimens, 
and on the types there is a white vitta doiwni each elytron, but 
these are not so noticeable on two other females from Bendigo. 

Types in coll. Oke. 

Mandalotus lucaris, n. sp. 

Piceous, appendages diluted with red. Rather densely clothed 
with muddy-brown, yellowish, and greyish scales, giving a 
variegated appearance, but not forming any definite pattern; 
interspersed with numerous short, curved setae. 

Male .—Rostrum short and constricted near base. Eyes fairly 
large, separated by about the width of an eye. Antennae of 
moderate length; first segment of funicle thin at base and 
suddenly swollen near apex, where it is much wider than second, 
second shorter than first, the others transverse, club of moderate 
size. Prothorax lightly transverse, surface not visible through 
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clothing, but on abrasion, finely and closely punctate. Elytra feebly 
trisinuate at base, lightly widening to apical slope, then suddenly 
narrowed to apex; suture lightly raised posteriorly; punctures 
appearing small through the clothing, but wider than the inter¬ 
stices. Metasternum and basal segment of abdomen with a 
fairly large impression common to both and bounded behind 
with a short, curved carina on apex of segment. Anterior coxae 
moderately separated, but less than intermediate pair. All tibiae 
obtusely spurred at apex; anterior lightly curved near apex; 
posterior thinned on inner side near, then clubbed at, apex. 

Female .—Differs in being a little wider across elytra, in the 
metasternum and abdomen being convex and without a carina, 
and the posterior tibiae not thinned near apex. Length, 
2.30-2.75 mm. 

Hab. New South Wales: Dorrigo (C. Oke), under decaying 
leaves in a small grove. 

In the Key (4), this would be placed at DD. ss. with M. black- 
burnt Lea, which is a much larger and very different species. 
It is of about the same size as M. exilis, n. sp., but the prothorax 
of the latter has distinct granules and a very different carina, 
and its anterior coxae are further apart. 

Types in coll. Oke. 

Subfamily RHYPAROSOMINAE. 

Cisolea, n. gen. 

Body short, robust; squamose and setose; apterous. Head 
subglobular, shagreened on base. Rostrum rather short, stout, 
and arcuate; with a nitid triangular space on apex. Submentum 
with a short, broad peduncle. Mandibles protruding a little, 
pincer-shaped, toothed on inner edge. Scrobes deep, showing on 
upper surface in front of antennae, but not quite reaching the 
buccal fissure, and running obliquely to lower margin of eyes. 
Antennae with scape curved, moderately thickened to apex, 
passing eyes; funicle of seven segments; club fairly large, of 
three segments, closely united, the first longer than the others 
combined, with fine pubescence. Eyes small, oval, coarsely 
facetted. Prothorax subquadrate, ocular lobes wanting; the 
antero-inferior margin lightly hollowed. Scutellum not visible. 
Elytra strongly clasping the body, wider than prothorax, sinuate 
at "base. Mesosternum short, with its intercoxal process of 
moderate size, prominent, declivious to apex; episterna large, 
epimera very small, produced to a sharp point in front. Meta¬ 
sternum short, with its episterna narrow. Abdomen with first 
and second segments long, first a little longer than second; third 
and fourth very short, equal; fifth a little longer than two 
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preceding combined. Anterior coxae almost touching; inter¬ 
mediate well separated; posterior widely separated. Legs of 
moderate length; femora thickened in middle; tibiae arcuately 
widened and strongly spurred at apex; the posterior corbells 
open; tarsi with three segments only, the first obconic, the second 
almost globular, the third dilated, transverse, *with a slight 
impression on its upper surface; tarsi spongiose beneath. 

This genus is proposed for a small dingy weevil found in leaf 
debris which, at a glance looks like a Mandalotus , to which genus 
the late A. M. Lea considered it was closely allied, but its mouth 
is certainly not adelognathus. It hardly seems correctly placed 
in Rhyparosominae, as all the tibiae are distinctly mucronate, 
but it is less out of place there than in the other subfamilies, 
having the short metasternum. 

The genus is dedicated to the memory of the noted Australian 
entomologist, Mr. A. M. Lea. 

Genotype, C. umbratilis, n. sp. 

ClSOLEA UMBRATILIS, n. Sp. 

(Figs. 21-28.) 

Black, in parts diluted with red; antennae and tarsi reddish 
castaneous. Densely clothed on uppersurface, prosternum and 
legs with ferruginous scales interspersed with fairly long, coarse, 
curved setae; metasternum and abdomen moderately clothed with 
short, pale setae or pubescence. 

Male .—Head and rostrum with rather fine rugose sculpture. 
Rostrum dilated to apex; with a rather narrow, but deep, sulcus 
from base to beyond insertion of antennae, and a finer one on 
either side, extending slightly on to the head. Antennae with 
scape slightly passing eye, distinctly thickened from middle; first 
segment of funicle the length of the next three combined. Pro¬ 
thorax transverse, widest before middle, much narrowed to apex, 
base rounded ; lightly ridged down centre and with a transverse 
impression near apex; with large, deep, reticulate punctures, 
Elytra strongly trisinuate at base, widened from base for about 
a fourth of their length and then suddenly narrowed to apex; 
in places subtuberculate and with transverse ridges, the base of 
the third interstice raised, and the basal edge of the elytra 
narrowly reflexed; the striae with large, close punctures, nearly 
as wide as the interstices, the interstices with fine, close 
punctures. The whole undersurface with large, deep, reticulate 
punctures. Front coxae touching. Metasternum and basal segment 
of abdomen with a large and fairly deep impression, which is 
lightly carried on to the second segment. All tibiae dilated and 
spurred at apex, the anterior and intermediate fairly strongly 
scooped out near apex and the posterior thinned there. 
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Female .—Differs from the male in being a little wider, with 
the elytra not nearly so uneven and the metasternum and 
abdomen gently convex. Length, 3.50 mm. 

Hab. New South Wales: Dorrigo (C. Oke) amongst decaying 
leaves in a dark and densely vegetated gully. 

The whole upper surface is so densely covered by the scales 
that the sculpture is not visible before abrasion, and so one 
specimen has been completely denuded. On the lower surface 
each puncture has a pale, shining seta in its centre. 

Types in coll. Oke. 



Figs. 21-30. 


21. Mandalotus obliquus, n. sp. 22. Same, ventral surface. 23. Carina 
on abdomen of M. exilis, n. sp. 

24-30. Cisolea umbratilis, n. sp. 24. Dorsal view. 25. Side view. 
26. Part of intermediate leg. 27. Antenna. 28. Apex of rostrum. 
29. Maxilla. 30. Mandible. 
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Subfamily BELINAE. 

Isacantha papulosa Pasc. var. nigra, n. var. 

Some specimens from the Victorian Mallee represent a distinct 
variety of this well-known species. Specimens from New South 
Wales are distinctly reddish-brown, but all the Victorian ones 
are black and have the granules on pronotum and elytra slightly 
larger. The clothing of elytra is of two colours as in typical 
specimens, the dark-brown being of the same shade, but the pale 
patches vary from whitish, in some, to dark yellowish-brown 
in others. 

Hab. Victoria: Gypsum. (J. E. Dixon, C. Oke,) 


Subfamily CRYPTORHYNCHINAE. 

Nyella tuberculata Oke. 

Proc. Roy. Soc. Vic. (n.s.), xliii. (2), p. 200, 1931. 

The following is added to the original description:— 

On detaching the head from a specimen mounted on its back 
a wide, distinct, pectoral canal becomes evident, though it is 
evenly clothed with the rest of the prosternunL The canal is 
bounded by ridges that terminate between the front coxae. 
Behind the coxae the intercoxal process widens out, continues as 
a broad plate between the middle coxae and actually touches 
the metasternum, completely taking the place of the intercoxal 
process of the mesosternum, though the episterna and epimera 
of the latter are unusually large. The prosternum and meta¬ 
sternum are actually in contact, as previously illustrated in fig. 6h 
( loc. cit.), the former having a narrow groove along its basal 
edge which receives the metasternum. On the inner side of each 
intermediate coxa there is a small projecting process which clasps 
the prosternum, on its outer surface. The m,etasternum of the 
male has a rather shallow depression which dilates posteriorly 
and is continued on to the abdomen. The third and fourth 
segments of abdomen are curved at the sides. All the femora 
are grooved, the front and middle ones are dentate, the hind ones 
edentate. On the pronotum there is a loosely compacted fascicle, 
but it is easily abraded and is only distinct on one of the speci¬ 
mens in front of me, though indicated on some others. The 
claws are simple and smaller than on any other weevil, of its 
size, that I have seen. 

By having its prosternum with a short canal this genus should 
apparently be referred to the Cryptorhynchinae, as now defined, 
but the displacing of the mesosternum and the small, almost 
hidden, claws are most unusual features. 
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[Proc. Roy. Soc. Victoria 46 (N.S.), Pt. II., 1934.] 

Art. XXL— Notes on some Tertiary Leaves from Pascoe Vale. 

By HELEN T. PATERSON, B.A. 

(With Plates XIII. and XIV.) 

[Read 14th September, 1933; issued separately 7th May, 1934.] 


Source of the Material. 

Some of the leaf remains from a Tertiary deposit collected, in 
conjunction with Mr. W. Hanks, from the Moonee Ponds Creek 
during 1933, are in a fairly good state of preservation, and seem 
to be of sufficient interest to put on record. 

The leaf impressions are generally of a light-brown colour, 
though in some instances they vary from a light to dark grey. 
The venation in several of the leaves is very distinct. So far, 
not many perfect specimens have been found, but portions of 
leaves and stems are often so thickly intermingled as to make 
identification impossible. The soft and crumbling nature of the 
rock made the handling of these specimens somewhat difficult. 

The leaves belong to a vegetation chiefly of the brush type, 
though among them are forms resembling those of Eucalyptus 
and Banksia. Three minute compressed leaves were discovered 
between the layers of brown pipe-clay. (Plate XIIL, fig. 4.) 
They are so small that identification is difficult, but they resemble 
Eucalyptus and Nothofagus. 

It is unsatisfactory to attempt to catalogue many of the fossil 
plants according to their generic relationship on the evidence of 
the leaves alone; as more fruits and stems are found in this 
deposit, however, better proof will be forthcoming. The naming 
of these specimens may therefore be open to future corrections. 

The following are the determinations now made on these leaf 
remains from Pascoe Vale:— 

Nothofagus cf. Maideni (Deane). 

N. cf. Benthami (Ettingshausen). 

N. cf. Muelleri (Ettingshausen). 

Ficonium nitidum, sp. nov. 

Magnolia microphylla, sp. nov. 

Lomatia cf. Brozvmi Ettingshausen. 

Nephelites cf. benvickense Deane. 

Pomaderris Banksii Ettingshausen. 

Bomba :r Mitchelli Ettingshausen. 

Eucalyptus Kitsoni Deane. 

cf. Cordia tasmanica Ettingshausen. 
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Description of the Leaves. 

ANGIOSPERMEAE (DICOTYLEDONES) 
FAGACEAE. 

Nothofagus cf. Maideni (Deane). 

(PI. XIII., fig. 3.) 

Fagus Maideni Deane, 1902, p. 30, pi. vii., fig. 10. 

Fagus {Nothofagus) Maideni Chapman, 1921, p. 118, pi. viii., fig. 3. 

Observations.—The upper surface of the leaf is shown, 
measuring 60 mm. long and 22 mm. wide. Surface smooth and 
of delicate texture. In shape narrowly ovate and oblique at 
the base. Midrib straight, lateral veins nearly so, extending to 
the points of the teeth on the serrate margin and at an angle of 
35° from the midrib. The leaf has the general characters of the 
Fagus group and closely resembles that figured by Deane from 
the Berwick leaf-beds. 


Nothofagus cf. Benthami Ettingshausen. 

(PI. XIII., fig. 5.) 

Fagus Benthami Ettingshausen, 1888, p. 119, pi. x., fig. 9. 

Deane, 1902, pi. xvii., fig. 5. 

Observations.—This specimen shows a thin-textured leaf (not 
figured), 76 mm. long and about 25 mm. wide. The margins are 
not well preserved, but there is sufficient evidence to show that 
they are distinctly denticulate. The lamina narrows towards the 
base, which is slightly obtuse, showing a petiole about 9 mm. in 
length. The secondary veins arise at an acute angle from the 
midrib and are about 8 mm. distant from each other; tertiary 
veins are at right angles to them. The fact that several 
Nothofagus fruits have been found resembling N. Benthami (see 
fig. 5) seems to justify the placing of this fossil provisionally 
under that species. 


Nothofagus cf. Muelleri Ettingshausen. 

(PI. XIII., figs. 1, 2.) 

Fagus Muelleri Ettingshausen, 1888, p. 117, pl. x., figs. 3-7, 7a. 

Deane, 1902, p. 29, pl. vii., fig. 8. 

Observations.—These leaf impressions, upper and lower sur¬ 
faces, are almost perfect and remarkably distinct. They resemble 
the figures recorded by Deane from Wilson’s quarry, Berwick, 
as well as those given by Ettingshausen in his “ Contributions to 
the Tertiary Flora of Australia,” cited above, from Vegetable 
Creek, New South Wales. 
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Nothofagus Wilkinsoni Ettingshausen. 

(PI. XIII., fig. 7.) 

Fagiis Wilkinsoni Ettingshausen, 1888, p. 32, pi. ii., fig. 1. 

Observations.—The present occurrence is a well-preserved 
leaf, referable to the above species. It agrees in size, venation, 
and other characteristics with Ettingshausen's figured example, 
which comes from Dalton, near Gunning, New South Wales. 

Family MOREAE. 

Ficonium nitidum, sp. nov. 

(PL XIII., fig. 6.) 

Observations.—This specimen shows a perfect impression of 
a leaf about 55 mm. long and 17 mm. wide, recalling Ficonium 
Solanderi Ettingshausen (1885, p. 38, pi. iii., fig. 4), but of a 
neater type. The substance of the leaf is firm, margin entire, and 
with a strong, straight midrib; in the secondary veining there 
is much irregularity and the tertiary veins are quite incon¬ 
spicuous. The base of the leaf is very narrow compared with 
F. Solanderi, and the apex is roundly acuminate, instead of 
sharply pointed as in that species. 

Family MAGNOLIACEAE. 

Magnolia microphylla, sp. nov. 

(PI. XIII., fig. 8.) 

Observations.—This specimen, not quite perfect, is a large 
ovate, thick-textured leaf, with a firm and entire margin. The 
strong midrib narrows to the apex, and the secondary veins, 
which are distinct, are placed at unequal distances from each 
other, slightly curved and flexuose. The tertiary veins are 
feebly shown. This type of leaf may be compared with Magnolia 
Brownii Ettingshausen (1888, p. 59, pi. v., fig. 7), but is. of 
smaller dimensions and has more widely spaced secondary veins. 
The type measured, when complete, circ. 10 cm., with a width 
of 5 cm. 


Family PROTEACEAE- 

Lomatia cf. Brownii Ettingshausen. 

(PI. XIV., fig. 9.) 

Lomatia Brozcnii Ettingshausen, 1888, p. 135, pi. xii., figs. 4-5. 

Observations.—This leaf bears a fairly close resemblance, to 
the type figured by Ettingshausen. The actual apex is missing 
but apparently tapered; the base is narrowed. Texture thick, 
midrib strongly marked, whilst the lateral veins are distinct and 
run acutely from the midrib, reaching the margins at the. points 
of the denticulae. Tertiary veining is very distinctly reticulate. 
Length of leaf about 75 mm. when complete, and width 26 mm. 
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In certain characters this leaf also resembles Lomatia reticulata 
Deane (1902, p. 28, pi. iv., fig. 8), but in that species the marginal 
teeth are more widely spaced and irregular than in Lomatia 
Brownii, to which this specimen is provisionally referred. 

Family SAPINDACEAE. 

Nephelites cf. BERwicicENSE Deane. 

(PI. XIV., fig. 10.) 

Nephelites berwickense Deane, 1902, p. 23, pi. vi., fig. 9. 

Observations.—The leaf somewhat resembles Quercus Damy 
pieri Ettingshausen (1888, pi. ix., fig. 15), and also that of 
Nephelites denticulata figured in Deane's “ Tertiary Leaves from 
Bungonia ” (1902, p. 16, pi. xvi., fig. 5). The eccentric midrib 
might even suggest its being the portion of a compound leaf. 
The margin is dentate towards the apex, whilst the midrib is well 
marked with secondary veins. The general characteristics link 
it with species of the living genus Nephelium. 

Family RHAMNACEAE. 

Pomaderris Banksti Ettingshausen. 

(PI. XIV., fig. 11.) 

Pomadervis Banksii Ettingshausen, 1888, p. 165, pi. xiv., fig. 10, 
pi. xv., figs. 1-2. 

Observations.—A perfect firmly-textured leaf is comparable 
with the above species; the leaf is oblong in shape, with the 
margin slightly waved or even dentate. Midrib prominent, 
secondary veins curving out and ascending to the margin; 
tertiary veins run transversely to the leaf axis and are very fine, 
flexuous, and anastomosing. The leaf is about 85 mm, long and 
17 mm. wide. Ettingshausen’s specimens were recorded from 
Vegetable Creek, New South Wales. 

Family STERCULIACEAE. 

Bombax Mitchelli Ettingshausen. 

(PL XIV., fig. 12.) 

Bombax Mitchelli Ettingshausen, 1888, p. 61, pi. vi., fig. 3. 

Observations.—This leaf resembles the one figured by 
Ettingshausen from Dalton, New South Wales. 1 he present 
example shows a portion of a large obovate leaf, of rigid 
texture, with an entire margin and a strongly contracted base. 
The midrib is straight and prominent; the secondary veins are 
distinct and of unequal strength, being stouter at the base; they 
ascend to the margin in a more or less bold curve. The tertiary 
veins are branched and have acute angles. The development of 
the leaf is not symmetrical; its form closely compares with those 
previously figured from Dalton, near Gunning, New South 
Wales. 
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Family MYRTACEAE. 

Eucalyptus Kttsoni Deane. 

Eucalyptus Kitsoni Deane, 1902, p. 25, pi. iv., figs. 5, 6, 7. 

Chapman, 1926, p. 185, pi. xiii., fig. 6. Maiden, 1922, p. 188, pi. 
ccxxiii., figs. 100-c. 

Observations.—Portion of a linear leaf was found, showing 
the intra-marginal vein close to the edge. The lateral veins 
are fine, close together, and parallel, as they proceed from the 
midrib, though indistinct. The leaf also resembles E. Hayi 
(Ettingshausen, 1888, p. 171, pi. xv., figs. 4-5) in certain features, 
but on comparing it with the specimens of E. Kitsoni, recorded 
from Berwick and Narracan, the resemblance is seen to be 
closer to the latter species, since the lateral veins are much more 
crowded and longer than in E. Hayi. The veins also leave the 
midrib at a more acute angle than in E. Hermani (Deane, 1902, 
p. 25, pi. iv., figs. 3-4). 

Family BORAGINEAE. 
cf. Cordja tasmanica Ettingshausen. 

(PI. XIV., %. 13.) 

Cordia tasmanica Ettingshausen, 1888, p. 54, pi. v., fig. 3. 

Observations.—An imperfect leaf occurs here, the identity of 
which is in some doubt. In shape and veining it apparently 
resembles the above species, but being incomplete it can only 
provisionally be referred to this form. The original record was 
from the estuarine deposits of the River Derwent, Tasmania. 

Summary, 

The Moonee Ponds leaf-beds occur under the Older Basalt, and 
form part of the Tertiary strata extending from North Essendon 
to Heidelberg. These beds consist of sand and leaf-bearing 
clays, with the Newer Basalt cutting through in places. 

It is interesting to note in this newly discovered leaf-bed that 
some of the impressions found closely resemble types of leaves 
recorded from Berwick and Narracan. Fragments of Cinna- 
momum and Laurus also occur, and it is possible that complete 
forms will also be found similar to Cinnamonium polymor- 
phoides. These facts tend to indicate that this leaf-bed belongs 
to the same pre-Older Basaltic series as the tertiary deposits 
described from Berwick and Narracan by Henry Deane and F. 
Chapman. 

In conclusion I should like to thank Mr. F. Chapman for his 
invaluable help in the preparation of these notes, and Mr. A. A. 
C. Carter, who kindly photographed the specimens. 
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Explanation of Plates. 

Plate XIII. 

Fig. 1. —Noihofagus cf. Muclleri Ettingshausen. Upper surface. Circ. 
nat. size. 

Fig. 2.— Nothofagus cf. Muclleri Ettingshausen. Lower surface. Circ. 
nat. size. 

Fig. 3.— Nothofagus cf. Maidcni Deane. Circ. nat. size. 

Fig. 4.—Compressed leaves (?) Eucalyptus; (?) Nothofagus. X H. 

Fig. 5.—Fruits; (a & b) cf. Nothofagus Benthami Ettingshausen. Nat. 
size. 

Fig. 6. — Ficonium nitidum, sp. nov. Nat. size. 

Fig. 7. — Nothofagus Wilkinsoni Ettingshausen. Circ. nat. size. 

Fig. 8.— Magnolia inicrophylla, sp. nov. Circ. nat. size. 

Plate XIV. 

Fig. 9.— Lomatia cf. Brownii Ettingshausen. Nat. size. 

Fig. 10. — Ncphelites cf. bcrwichensc Deane. Nat. size. 

Fig. 11 .—Pomadcrris Banksii Ettingshausen. I nat. size. 

Fig. 12. — Bombax Mitchclli Ettingshausen. ! nat. size. 

Fig. 13.—cf. Cordia tasmanica Ettingshausen. Circ. nat. size. 
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Introduction. 


Melbourne, 1934. 

The year 1934 marks the centenary of the settlement of 
Victoria, an event which is being widely celebrated by the 
Government and citizens. It has a further significance, however, 
for the Royal Society of Victoria, since the eightieth volume of 
the publications of the Society is appearing contemporaneously. 

Eighty years ago, about the middle of 1854, the Victorian 
Institute for the Advancement of Science and the Philosophical 
Society of Victoria were founded in Melbourne. A year later, 
they combined under the name of Philosophical Institute of 
Victoria, which body was granted a Royal Charter, and became 
the Royal Society of Victoria in 1860. The only alteration since 
that date has been the absorption in 1882 of the first Microscopical 
Society of Victoria, which thereupon ceased issuing its Journal. 
It should be noted that the present Microscopical Society of 
Victoria has no connexion with the Royal Society of Victoria, 
except that it .meets in the same building. 

No general index to the various publications has ever been 
published, though in 1861 Tables of Contents for the first seven 
volumes were printed in Transactions (8vo.), vol. v. (1860). 
Much trouble has been caused by this lack of an index, especially 
owing to the inability of research workers to locate quickly any 
desired paper among the fifteen hundred papers and reports. 
Pending the appearance of a general index, this Author Index 
is submitted. 

In it. Reports of Committees are indicated, but all Presidential 
Addresses, Reports of Sections, and Annual Reports of the 
Council are omitted. In the case of papers in the early volumes, 
reference to the Proceedings of the monthly meetings will 
usually produce additional information. The only current 
publication is the Proceedings. 

Beneath is a list of the publications which have been printed, 
together with the respective abbreviations used in the following 
pages (shown in square brackets) :— 

Victorian Institute for the Advancement of Science. 

Transactions and Proceedings. Vol. I. (1854-55). 

[“ Tr. & Proc. Viet. Inst.”] 

Philosophical Society of Victoria. Transactions. \ oh I. 

(1854-55). [“ Trans. Phil. Soc.”] 

Philosophical Institute of Victoria. Transactions. Vols. 

1-4. 1855-56—1859. [“ Trans. Phil. Inst.”] 
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Royal Society of Victoria— 

Transactions and Proceedings. (Vol. v. entitled Transac¬ 
tions.) (8vo.) Vols. 5-24. 1860-1887. ["Trans. 

(8vo.), v. and Tr. & Proc., vi.-xxiv.”] 

Transactions (4to.). Vols. 1, 2, 3 (Pt. 1 only was pub¬ 
lished), 4, 5 (Pt. 1 only), 6. 1888-1914. Publication 

discontinued. [“ Trans.”] 

Proceedings (New Series). (8vo.) Vol. 1 (1888)-46 
(1934). Publication continuing. ["Proc. (n.s.).”] 
Microscopical Society of Victoria. Journal (Vol. 1, Pt. 1, 
entitled Quarterly Journal). Vols. 1 (Pts. 1-4), 2 
(Pt. 1), title page, and index (all published). 
1879-1882. [“ Journ.”] 
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